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BAT (15-350 keV, trigger instrument)

XRT (0.3-10 keV)

UVOT (~1900-7000 Å)

Low-latency response with Swift
Phil Evans
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Figure 3: Time-dependent multi-wavelength observations of TXS 0506+056 before and after IceCube-170922A. Sig-
nificant variability of the electromagnetic emission can be observed in all displayed energy bands, with the source being in
a high emission state around the time of the neutrino alert. From top to bottom: (A) VHE �-ray observations by MAGIC,
H.E.S.S. and VERITAS; (B) high-energy �-ray observations by Fermi-LAT and AGILE; (C and D) x-ray observations by
Swift XRT; (E) optical light curves from ASAS-SN, Kiso/KWFC, and Kanata/HONIR; and (F) radio observations by OVRO
and VLA. The red dashed line marks the detection time of the neutrino IceCube-170922A. The left set of panels shows mea-
surements between MJD 54700 (22 August, 2008) and MJD 58002 (6 September, 2017). The set of panels on the right shows
an expanded scale for time range MJD 58002 � MJD 58050 (24 October, 2017). The Fermi-LAT light curve is binned in
28 day bins on the left panel, while finer 7 day bins are used on the expanded panel. A VERITAS limit from MJD 58019.40
(23 September, 2017) of 2.1 ⇥ 10

�10 cm�2 s�1 is off the scale of the plot and not shown.
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IceCube Collaboration+ 2018

UV discovery of GW 170817

X-ray discovery of 
IceCube 170922A
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Future MMA/LL options
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LIGO/Virgo/KAGRA O4

IceCube

KM3NeT


But it’s not just multi-messenger that is giving interesting new time-domain 
science:


HAWC

CTA

FRB (e.g. CHIME)

VRO/LSST
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P. Evans – Swift — Low Latency Alerts and Data Analysis for MMA – Paris / Zoom : 13/01/2022

Some cautionary notes

5

Figure 3: Time-dependent multi-wavelength observations of TXS 0506+056 before and after IceCube-170922A. Sig-
nificant variability of the electromagnetic emission can be observed in all displayed energy bands, with the source being in
a high emission state around the time of the neutrino alert. From top to bottom: (A) VHE �-ray observations by MAGIC,
H.E.S.S. and VERITAS; (B) high-energy �-ray observations by Fermi-LAT and AGILE; (C and D) x-ray observations by
Swift XRT; (E) optical light curves from ASAS-SN, Kiso/KWFC, and Kanata/HONIR; and (F) radio observations by OVRO
and VLA. The red dashed line marks the detection time of the neutrino IceCube-170922A. The left set of panels shows mea-
surements between MJD 54700 (22 August, 2008) and MJD 58002 (6 September, 2017). The set of panels on the right shows
an expanded scale for time range MJD 58002 � MJD 58050 (24 October, 2017). The Fermi-LAT light curve is binned in
28 day bins on the left panel, while finer 7 day bins are used on the expanded panel. A VERITAS limit from MJD 58019.40
(23 September, 2017) of 2.1 ⇥ 10

�10 cm�2 s�1 is off the scale of the plot and not shown.

7

IceCube Collaboration+ 2018

eRosita surveys will be a significant benefit in this area.
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New Swift innovations — operations
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GUANO — Gamma-ray Urgent Archiver for Novel Opportunities

Tohuvavohu et al. 2020, ApJ, 900, 1

BAT (15-350 keV, trigger instrument)If notified quickly enough, BAT 
event data can be saved and then 
searched offline with greater 
sensitivity.

35 GRBs so far, arcminute 
localisation.
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GUANO — Gamma-ray Urgent Archiver for Novel Opportunities

Automated ToO uploads.
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GUANO — Gamma-ray Urgent Archiver for Novel Opportunities

Automated ToO uploads.

ToO submission API.


By Jamie Kennea: https://www.swift.psu.edu/too_api/
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GUANO — Gamma-ray Urgent Archiver for Novel Opportunities

Automated ToO uploads.

ToO submission API.


By Jamie Kennea: https://www.swift.psu.edu/too_api/


Tiling optimisation and “manypoint” upload tool.
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For Swift-team / collaboration projects, automated XRT analysis exists.
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For Swift-team / collaboration projects, automated XRT analysis exists.

For any observation: XRT on-demand analysis.


https://www.swift.ac.uk/user_objects (Evans et al. 2009)
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For Swift-team / collaboration projects, automated XRT analysis exists.

For any observation: XRT on-demand analysis.


https://www.swift.ac.uk/user_objects (Evans et al. 2009)


Now available through an API

https://www.swift.ac.uk/user_objects/API


Swift API tools available via: 
pip install swifttools
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Forthcoming tool: LSXPS
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Several XRT point source catalogues exist (SwiftFT, 1SwXRT, 1SXPS, 2SXPS).

All retrospective; good for mining and reference, bad for time-domain response.

Swift observes ~75 fields/day = 7.5 sq degrees; lots of scope for discovery if we 
analysed in real time…
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Several XRT point source catalogues exist (SwiftFT, 1SwXRT, 1SXPS, 2SXPS).

All retrospective; good for mining and reference, bad for time-domain response.

Swift observes ~75 fields/day = 7.5 sq degrees; lots of scope for discovery if we 
analysed in real time…

LSXPS is updated in ~real time*.

Searches for transients with each data delivery.

Can often use itself as the best reference 
catalogue.

* Data are analysed on receipt, typically 1-4 hours after observation. Transients will be reported ASAP, 
catalogue is not updated for 28 days (TBD).
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Swift remains a powerful, rapid-response, multi-wavelength facility optimally suited 
for the MMA/TDA era.

Coordination between different facilities and rapid dissemination of information is 
important.

Some means of collating and coordinating results would be very helpful.

The Swift team are producing new innovations and tools to make it as easy as 
possible to use Swift for this science.


This is an exciting and fruitful field with a bright and immediate future!
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1) Are we going to see things that don’t follow expectations?
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1) Are we going to see things that don’t follow expectations?

For example: how ‘low-latency’ should follow-up be?



P. Evans – Swift — Low Latency Alerts and Data Analysis for MMA – Paris / Zoom : 13/01/2022

Some cautionary notes

19

2) Can we find the needle in a… pot of needles?
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Keep an open mind about appearance.

Multiple observations and timescales to probe


Challenging with large position uncertainties!

Rapid information exchange between facilities is key.

GCN / ATEL / TNS?


