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Abstract

The discovery of GW170817/GRB170817A marks the significant breakthrough for multi-messenger
astronomy and provides the first direct evidence that at least some short gamma-ray bursts (GRBs)
originate from compact object mergers. The Burst Alert Telescope (BAT) onboard the Neil Gehrels Swift
Observatory is a large field of view (∼ 2 sr) instrument designed to detect GRBs and provide prompt
localization of ∼ few arcmin. On average, BAT detects ∼ 90 GRBs per year, within which ∼ 9% are short
GRBs. In addition to onboard triggers, it is possible to find sub-threshold GRBs via ground processing.
The BAT team has constructed a pipeline to perform prompt counterpart search for each LIGO/Virgo
trigger. Here, we present the analysis and products from this pipeline. Results of the analysis are publicly
available at https://swift.gsfc.nasa.gov/results/BATbursts/team web/.
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1. The pipeline for BAT prompt counterpart search

The Burst Alert Telescope (BAT) onboard the Neil
Gehrels Swift Observatory is a coded-mask instrument
that provides a large field of view (FoV, ∼ 2 sr) and imag-
ing capability in 15-150 keV (Barthelmy et al. 2005). For
each LVC (LIGO-Virgo Collaboration) trigger 1, we per-
form ground data analysis to search for potential coun-
terparts.

1.1. BAT FoV

Our automatic pipeline checks the overlapping region of
the BAT FoV and the LVC probability map. Specifically,
it summarizes all the LVC probability that is inside the
region of BAT FoV with greater than 10% partial cod-
ing fraction. Due to the adopted coded-mask technique,
BAT has the best sensitivity for sources at the center of
the FoV, and the sensitivity gradually decreases toward
the edge of the FoV (Barthelmy et al. 2005). The & 10%
partial coding region is the standard value adopted for

*1 Information of the triggers is from the Gravita-

tional Wave Candidate Event Database (GraceDB;

https://gracedb.ligo.org/)

BAT data analysis. Fig. 1 shows an example of the sky
image with the BAT FoV, the LVC probability region,
and the Earth as viewed from the BAT.

Fig. 1: BAT FoV at the trigger time of S190930t
(LIGO/Virgo Collaboration 2019). The BAT FoV is
shown in red/white (with the whiter color represents
higher partial coding fraction, i.e., more sensitive re-
gion), the LVC probability region (light blue), and the
Earth as viewed from the BAT (green).



1.2. BAT raw light curves

BAT records continuous raw light curves (i.e., not back-
ground subtracted) in time bins of 64 ms, 1 s, and 1.6 s,
respectively (Markwardt et al. 2007). The pipeline calcu-
lates the average count and standard deviation (σ) using
data from ± 100 s of the LVC trigger time, and reports
any counts that are above 5σ. However, noisy detec-
tors could also produce peaks above 5σ, as the example
shown in Fig. 2. Therefore, additional examination is
required to determine the true origins of these peaks.

The pipeline also performs a crude estimation of the
flux limit using the standard deviation calculated from
the 1-s binned light curve. The pipeline calculates the
flux required to generate counts that would have resulted
in a 5σ detection in the light curve. This calculation uses
the same GRB simulation code developed in Lien et al.
(2014), but simply assumes a typical short GRB spec-
trum with a power-law index of -1.32 (Lien et al. 2016),
and with an instrumental response that corresponds to
100% coding. Also, this simple estimation is likely to
produce an higher upper limit when the interval covers
spacecraft slews, because of larger background changes.

Fig. 2: BAT raw light curves around the trigger time of
S190930t.

Occatsonally, high energy photons from out of the
BAT FoV can penetrate through other parts of the space-
craft and be detected by BAT. Although these out-of-
FoV photons will not appears in the coded-mask images,

they can be seen in the raw light curves.

1.3. Event data and image analysis

When event data (i.e., data that contain information of
each photon) are available, the pipeline also performs
event data analysis and produces sky images with differ-
ent time intervals to search for new sources. The image
search uses the setting that includes a larger coverage of
the BAT FoV, in order to not miss potential sources at
the edge of the BAT FoV. However, this setting has a
higher chance to find false detections due to noise at the
edge of the FoV. Therefore, all detections above ∼ 6σ
are investigated manually.

Fig. 3: A BAT image made from event data available
around the trigger time of S190930t. The new sources
detected are labeled as ”UNKNOWN”, followed by their
significance.

1.4. Summary webpage

The analysis results are presented on a public webpage,
https://swift.gsfc.nasa.gov/results/BATbursts/team web/.
The webpage is automatically updated when BAT data
are transmitted to the ground. It often takes several
hours to half a day to recieve the complete data set
around the LVC trigger time.

2. Summary of the LVC O3 run

Until the time of this presentation (i.e. October 25th,
2019), no credible candidates have been found in the
BAT data, as shown in Table 1.

Table 1: Summary of the BAT prompt counterpart
search for the O3 run (from April 1st to October 25th,
2019).

Number of LVC triggers 33
Number of triggers with at least one neutron star 11
Number of triggers in BAT FoV (>10% overlap) 14

Number of credible BAT counterparts 0

References

Barthelmy, S. D, et al., Space Science Reviews, 120, 143B
Lien, A., et al. 2014, ApJ, 783, 24L
Lien, A. Sakamoto, T., et al. 2016, ApJS, 829, 7L
LIGO/Virgo Collaboration, GCN Circ. 25876
Markwardt, C. B., et al. 2007, The SWIFT BAT

Software Guide.


