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Neil Gehrels Swift Observatory

Swift was launched 20 years ago (in 4 weeks 
and 1 day from now!), with the main goal of 
detecting and monitoring Gamma-Ray Bursts.

Over the years this expanded to all manner of 
EM transients – and multi-messenger follow-
up.
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Swift – XRT data analysis

The University of Leicester provides an online XRT product generator (for 
light-curves, spectra, images, positions and source detection), which can either be 
accessed via a web form at 
https://www.swift.ac.uk/user_objects/ 
or through the swifttools API
https://www.swift.ac.uk/API/

GRBs (both BAT triggers and those we follow up from other missions) are 
automatically analysed, with the results available at 
https://www.swift.ac.uk/xrt_products/

There is online documentation, and even more details in 
Evans et al. (2007, A&A, 469, 379) 
Evans et al. (2009, MNRAS, 397, 1177)
Evans et al. (2010, A&A, 519, A102). 

These products are completely suitable for scientific analysis and the tools are 
relied upon by the Swift team on a daily basis. 
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Swift – XRT data analysis
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Swift – UVOT data analysis

There is no direct UVOT 
equivalent of the XRT product 
generator, but the Italian SSDC 
provide links on their versions of 
the Quick-look site and archive for 
online interactive UVOT image 
analysis.

https://swift.ssdc.asi.it/cgi-bin/ql/createqlhtml?sortcol=Observed
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Swift – BAT data analysis

If BAT triggers on a gamma-ray source (typically a GRB, but sometimes other 
sources), then Swift saves event files and TDRSS data, and the standard 
batgrbproduct script can be used. 

Most of the time, however, BAT operates in survey mode, collecting Detector 
Plane Histograms. There is now an API to analyse these data, called 
BatAnalysis, available at https://github.com/parsotat/BatAnalysis
See Parsotan et al. (2023, ApJ, 953, 15) for details. 
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Swift – Large Area Tiling

LVK error regions are large, even when all 3 observatories are functioning; ditto 
IceCube regions. (Waiting for KM3NeT to improve things...) The XRT FOV is circular, 
with diameter 23.6 arcmin, while UVOT has a square FOV, 17 arcmin each side. 

Over the GW observing runs, the ability of 
Swift to tile large areas of the sky has been 
implemented and improved.  
  

We are now not even constrained to use our 
network of ground stations to upload the 
commands, but have a method known as 
“Continuous Commanding”, which involves 
“joysticking” Swift around the sky, uploading 
tile by tile via TDRSS. 
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Swift – GW Follow-up
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Raw GW Skymap

S190930t
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Convolved GW Skymap

S190930t
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Swift Gravitational Wave Galaxy Survey

One of the main difficulties when trying to identify a counterpart to a multi-
messenger trigger is knowing whether a source is new, or just hadn’t been 
observed previously to an equal depth (ie if there is an upper limit, it is not deep 
enough to be useful). We really need archival images to perform image 
differencing – particulaly for the UVOT data.

To help with this, we implemented the Swift Gravitational Wave Galaxy Survey.

SGWGS is a pre-imaging survey of 4773 fields, containing the ~14,000 most likely 
host galaxies for BNS mergers within ~100 Mpc (from the GWGC), to obtain both  
X-ray and UV templates.

For XRT, we also have LSXPS: the Living Swift-XRT Point Source catalogue – which 
updates every time we observe anything in Photon Counting mode – and the 
Transient Detector, with which to compare  MM follow-up.

https://www.swift.ac.uk/LSXPS/
https://www.swift.ac.uk/LSXPS/transients/
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GW 240615dg

BBH, FAR = 1 in 100 yr, distance = 1420 ± 235 Mpc
Convolved map covered 8 sq. deg. We observed 199 tiles, covering 84% of the map.
Results at https://www.swift.ac.uk/LVC/
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XRT Source Detection

XRT source detection is run automatically as the data come down to the ground. 
Sources are assigned a rank, depending on how likely they are to be a counterpart 
of the GW trigger (see https://www.swift.ac.uk/ranks.php), as well as a flag (Good, 
Reasonable or Poor, depending on false positive rate: 0.3%, 7%, 35%, respectively).
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XRT Source Page
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UVOT Analysis

Historically, the tiling pattern used by Swift was optimised to enable the greatest 
coverage with XRT. However, UVOT has a smaller FOV, and – after the discovery of 
the blue kilonova for GW 170817 (AT2017gfo; Evans et al., 2017, Sci, 358, 1565) – 
we believe UVOT is more likely than XRT to discover a counterpart. 

Therefore, since O3, galaxies with a high probability of 
being the host will fall completely within the UVOT 
FOV.

The UVOT GW pipeline uses the standard files from 
the Swift Data Centre (SDC), along with the standard 
suite of FTools. The sources are run through a series 
of steps to check if they were previously known, 
extended, or image artefacts. Those which pass, are 
then compared with Gaia DR2 and the Minor Planet 
Checker. 

Sources are assigned Quality flags, Q0 or Q1 being 
most likely counterparts (depending on brightness). 

XRT FOV

UVOT FOV
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BAT GUANO

While we obviously hope there will be a simultaneous (significant) BAT sGRB 
detection and GW trigger, there is also a method to perform targeted searches in 
BAT event data around the time of a non-BAT trigger (other GRB missions, FRBs or 
MM), searching for sub-threshold events.
GUANO     = Gamma-ray Urgent Archiver for Novel Opportunities

       (Tohuvavohu et al., 2020, ApJ, 900, 35)
NITRATES = Non-Imaging Transient Reconstruction 

And TEmporal Search
       (DeLaunay & Tohuvavohu, 2022, ApJ, 

941, 169)
Following a trigger, an automated command 
to save BAT event data around the trigger is 
sent up to Swift and, once the data are on 
the ground, automated analysis is posted 
online: https://guano.swift.psu.edu/ 
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Summary of Multi-Messenger Follow-up

Swift will plan to tile any GW or neutrino triggers which satisfy certain criteria, and 
automatically analyse the XRT and UVOT data collected; if BAT GUANO data are 
available, they will also be analysed.

ToO requests to follow up these large-scale events are not required, BUT if you 
have a specific potential counterpart you wish us to observe, please do submit a 
ToO request at https://www.swift.psu.edu/toop/too.php or via the API 
(https://www.swift.psu.edu/too_api/) - we can’t keep track of everything 
announced in GCNs, ATels and AstroNotes ourselves! 
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Swift – where to get help

We provide online data analysis threads at Leicester

https://www.swift.ac.uk/analysis/xrt/
https://www.swift.ac.uk/analysis/uvot/
https://www.swift.ac.uk/analysis/bat/ 

as well as an email helpdesk: swifthelp@leicester.ac.uk
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XRT: Stray Light and Optical Loading
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UVOT: Image Defects

As for XRT, there are certain image defects to look out for, e.g. read-out 
streaks, diffraction spikes, smoke rings, (rare) “ghosts” - scattered light, 
resulting from secondary reflections.
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XRT Ranks

XRT source detection is run automatically as the data come down to the ground. 
Sources are assigned a rank, depending on how likely they are to be a counterpart 
of the GW trigger (see https://www.swift.ac.uk/ranks.php), as well as a flag (Good, 
Reasonable or Poor, depending on false positive rate: 0.3%, 7%, 35%, respectively):

Rank 1 - Good GW counterpart candidate. 
Sources which lie within 200 kpc of a galaxy, and are either uncatalogued 
and at least 5σ brighter than the 3σ catalogue limit, or catalogued but at 
least 5σ brighter than their catalogued flux.

Rank 2 - Possible counterpart. 
As for Rank 1, except that ‘brighter’ is determined at the 3σ level, and 
there is no requirement for the source to be near a known galaxy.

Rank 3 - Undistinguished source. 
Sources which are uncatalogued, but are fainter than existing catalogue 
limits, or consistent with those limits at the 3σ level. 

Rank 4 - Not a counterpart. 
Sources which are catalogued, and which have fluxes consistent with (at 
the 3σ level) or fainter than their catalogued values
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UVOT Quality Flags

Sources are assigned Quality flags, Q0 or Q1 being most likely counterparts 
(depending on brightness). 

Q0 – Passes all the quality checks and is brighter than 19.9 mag.
Q1 – Passes all the quality checks but is fainter than 19.9 mag. No lower limit, 
          providing uvotdetect finds the source.
Q2 – A previously-catalogued Q0 source, within an angular distance of 2.5”      
          and 2 mag of the UVOT object.
Q3 – A previously-catalogued Q1 source, within an angular distance of 2.5”      
          and 2 mag of the UVOT object

Thumbnails of all Q0 or Q1 sources are then asssessed by humans. XRT sources are 
checked (and vice versa: UVOT sources are looked at in XRT data).
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