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Why do we make catalogues?
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Because there’s so much more serendipitous 
science that “planned” science.
Serendipitous science is discovery space.

Including for transients — see for example 
the “Fast X-ray Transients” from Chandra 
data, or QPEs from XMM (and other) data.
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Catalogues and transients.

3

X-ray catalogues are always out of date!
2SXPS: Published 2019 November;  last dataset: 2018 August

15 month delay.
4XMM-DR13: Published 2023 June;  last dataset: 2022 December

6 month delay!
Not so great for transient follow up…!

Of course, MAXI and eRosita have low-latency transient pipelines.
Catalogues are also important references, e.g. for multi-messenger response.

Upper limit calculators are really valuable.
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Swift-XRT Daily Statistics
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Daily average of ~45 fields/day in “PC mode”.
Median exposure: ~900 s

Sensitivity: 2 × 10-13 erg cm-2 s-1.
How often do we expect to find transients?



P. Evans – XMM-Newton survey legacy for Athena and beyond – Toulouse: 27/02/2024

Swift-XRT Daily Statistics

4

Daily average of ~45 fields/day in “PC mode”.
Median exposure: ~900 s

Sensitivity: 2 × 10-13 erg cm-2 s-1.
How often do we expect to find transients? We don’t know!
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Supernova 2009D
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January 7th, 2008, Swift-UVOT observed 
SN2007iy.
January 9th, Swift-UVOT observed it again.

And also a new supernova…
… also seen in X-rays.
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January 7th, 2008, Swift-UVOT observed 
SN2007iy.
January 9th, Swift-UVOT observed it again.

And also a new supernova…
… also seen in X-rays.

What are the chances….?
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Supernova 2009D
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January 7th, 2008, Swift-UVOT observed 
SN2007iy.
January 9th, Swift-UVOT observed it again.

And also a new supernova…
… also seen in X-rays.

What are the chances….?
We don’t really know (quite low, probably).

But relying on the observer to spot it 
reduces them!
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The “living” catalogue: concept
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2 Evans et al.

Figure 1. A simplified schematic of the Swift data flow. The top row shows a timeline of Swift pointings in a given day, each box represents
a pointing with Swift, multiple boxes with the same colour and label are multiple pointings at the same object (‘snapshots’). Solid lines
show data flow; dashed lines show data access.

to process the data, compile the results, create a database
and/or interface for catalogue access, and document every-
thing, the newest data are often at least a year old by the
time the catalogue is released and the observatory has col-
lected more data in the meantime. For many purposes, this
does not matter, but with the recent growth of time-domain
and multi-messenger astronomy, having an up-to-date cata-
logue is increasingly important. For example, when observ-
ing a new gravitational wave event, Swift regularly finds new
X-ray sources, but to reliably determine which (if any) is re-
lated to the triggering event requires prior knowledge of that
sky location either to identify the source as a known object,
or to determine whether it is above historical upper limits
(Klingler et al. 2019).

Additionally, transients can be found serendipitously
in X-rays; for example, the fast X-ray transients found in
Chandra data (e.g. Jonker et al. 2013; Bauer et al. 2017;
Quirola-Vásquez et al. 2022). These were found by mining
the data, but were already years old by the time of their dis-
covery, preventing rapid follow up and thus hampering the
ability to expose the phenomenology of the transient, and

the underlying physics. Further, the variability timescales
on which such transients can be studied are limited to ei-
ther the (hours to days) timescale of the discovery observa-
tion (e.g. the fast X-ray transients, or nuclear quasi-periodic
eruptions, Miniutti et al. 2019; Giustini et al. 2020), or po-
tentially to much longer timescales on which follow up can
be carried out (e.g. Starling et al. 2011; Strotjohann et al.
2016). In contrast, low-latency announcement of transients
allows rapid, multi-wavelength follow up to probe the na-
ture of the transient object, and enables ongoing observa-
tions which can probe the source’s behaviour on timescales
of days to weeks/months. The scientific value of such low-
latency announcement and response is well demonstrated
by the case of SN2008D. This supernova occurred in the
same galaxy as another supernova (SN2007uy) which was
being regularly observed by Swift, and its sudden appear-
ance in the X-rays was spotted by Soderberg et al. (2008).
This rapid discovery enabled targeted observations of what
proved to be the first X-ray detection of the shock breakout
from a supernova.

Swift-XRT is an excellent tool for searching for new,

MNRAS 000, 1–30 (2022)

Swift does multiple downlinks per 
day, but makes data available ASAP 
— “quicklook”.
“quicklook” data can be incomplete, 
or even corrupt.

LSXPS has a “cache” and “live” 
system.

Check for transients in the cache.
Only put “live” data in the 
catalogue.
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The “living” catalogue: concept
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Figure 1. A simplified schematic of the Swift data flow. The top row shows a timeline of Swift pointings in a given day, each box represents
a pointing with Swift, multiple boxes with the same colour and label are multiple pointings at the same object (‘snapshots’). Solid lines
show data flow; dashed lines show data access.

to process the data, compile the results, create a database
and/or interface for catalogue access, and document every-
thing, the newest data are often at least a year old by the
time the catalogue is released and the observatory has col-
lected more data in the meantime. For many purposes, this
does not matter, but with the recent growth of time-domain
and multi-messenger astronomy, having an up-to-date cata-
logue is increasingly important. For example, when observ-
ing a new gravitational wave event, Swift regularly finds new
X-ray sources, but to reliably determine which (if any) is re-
lated to the triggering event requires prior knowledge of that
sky location either to identify the source as a known object,
or to determine whether it is above historical upper limits
(Klingler et al. 2019).
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the data, but were already years old by the time of their dis-
covery, preventing rapid follow up and thus hampering the
ability to expose the phenomenology of the transient, and
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on which such transients can be studied are limited to ei-
ther the (hours to days) timescale of the discovery observa-
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allows rapid, multi-wavelength follow up to probe the na-
ture of the transient object, and enables ongoing observa-
tions which can probe the source’s behaviour on timescales
of days to weeks/months. The scientific value of such low-
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by the case of SN2008D. This supernova occurred in the
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Swift does multiple downlinks per 
day, but makes data available ASAP 
— “quicklook”.
“quicklook” data can be incomplete, 
or even corrupt.

LSXPS has a “cache” and “live” 
system.

Check for transients in the cache.
Only put “live” data in the 
catalogue.

The team:
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LSXPS: status
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Data included 2005-01-01 — 2024-02-17 
(376 Ms)

Sky coverage 5,489 square degrees

Detections 2,196,304

Unique sources 312,211

Variable sources 121,928

Uncatalogued 
sources 103,365

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

Stats as of Feb 26

~113 million photons
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LSXPS: status

9

Unique sky coverage increases by ~0.8 deg2 /day.
~50 new unique sources /day.
Typical “latency” is 7 days for the main catalogue.
Median 0.3-10 keV flux: ~4 × 10-14 erg cm-2 s-1.

Data included 2005-01-01 — 2024-02-17 
(376 Ms)

Sky coverage 5,489 square degrees

Detections 2,196,304

Unique sources 312,211

Variable sources 121,928

Uncatalogued 
sources 103,365
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LSXPS: source products

10



P. Evans – XMM-Newton survey legacy for Athena and beyond – Toulouse: 27/02/2024

LSXPS: source products
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LSXPS: source products
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LSXPS: source products
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Also includes: 
Cross matches with other catalogues (inc. XMM, Rosat, SIMBAD, 2MASS, WISE).

Details of individual (non)detections.
Links to build custom products of the source.

All functionality also available through the Python API:
swifttools.ukssdc.query
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Real-time transient searches
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For everything we detect:
Is it catalogued?  (X-ray Master, LSXPS)
Is it new? (XMM & Rosat UL check via HILIGT; LSXPS internal check)
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Example transients
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2022-03-25 17:18:29 — 2022-03-25 18:39:59 UT 2022-03-25 18:55:11 — 2022-03-26 12:30:07 UT
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Example transients

15

2022-03-25 17:18:29 — 2022-03-25 18:39:59 UT

Probable flare 

star

2022-03-25 18:55:11 — 2022-03-26 12:30:07 UT
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Transient challenges

16
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Transient challenges
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Targeted 

transient
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Transient challenges
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Blind searches don’t find everything: 
targeted photometry is more sensitive.
Some ‘transients’ are ‘outbursts’.
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Transient issues
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Spurious detections often come up as 
transient.

Optical loading (as right).
Noisy quick-look data.
Other artifacts.
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Transient issues
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Most transients are “low significance”.
Eddington bias suggests many are not 
transient.

Ongoing work (Srijan) to improve this 
classification.
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And when it works well…
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Very soft spectrum (all counts <2 keV), well-fit by a blackbody
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Swift J0230
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Evans+ 2023
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Swift J0230
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Final notes
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LSXPS: The “Living” Swift-XRT Point Source Catalogue.
A low-latency, constantly-updated X-ray catalogue.
Near real-time transient detection.

Currently, human verification before transients are published.
Grows at ~0.8 deg2/day; 50 new sources/day.
Typical sensitivity / observation = 2e-13 cgs.

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

swifttools.ukssdc.query

Data included 2005-01-01 — 2024-02-17 
(376 Ms)

Sky coverage 5,489 square degrees

Detections 2,196,304

Unique sources 312,211

Variable sources 121,928

Uncatalogued 
sources 103,365


