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X-ray Binaries
This is a low-mass X-ray binary (LMXB)

Physical components:
 Star
 Compact object: Black hole or Neutron star
 Accretion disc
 Hot inner flow / Corona
 Jets, disc winds

X-ray Binary Outbursts

Disc simulation by Mike Truss, Leicester

- In quiescence, cold
disc fills up with
material (inner disc
truncated)
- At some radius,
temperature reaches
critical value,
hydrogen is ionized,
and an outburst is
triggered (Disk
Instability Model DIM)
- Heating fronts
propagate until disc
is in hot bright state
- Exactly when and
where the trigger
mechanism
operates remains
elusive due to lack
of data during rise

X-ray Binary Outbursts
MAXI J1659–152: 2010 outburst
first detection by MAXI
X-ray light curve from
Homan et al. 2013

New outburst detected almost 6 orders of magnitude above
quiescent X-ray flux level, but we don’t see when the X-rays started
rising or how quick the rise was

X-ray Binary Outbursts
- Disc instability model predicts a delay in the outburst in X-rays
compared to the optical (as the inner disc fills in)
- Optical and X-ray observations are needed at the beginning stages
of an LXMB outburst to measure how long it takes for the inner disc
to fill in (and to what extent), and to help determine if outbursts are
triggered inside-out or outside-in
- Observing X-ray variability in X-ray binaries in quiescence is
generally not possible (too faint). So optical monitoring is the best
means to measure mass accretion rate variability between
outbursts.
- Does

the optical really rise before the X-ray?

Faulkes Telescope Monitoring of LMXBs
 We are monitoring ~ 40 - 50 LMXBs with the two 2-m Faulkes Telescopes since 2005–2007
(Lewis et al. 2008) – about half are regularly detected in quiescence
 Fully robotic, queue scheduled. Typically use V, R, i’ filters, sometimes g’, r’, i’, y
 Cadence: about once a week or so, can increase frequency if necessary (e.g. outbursts)

FTN (Haleakala on Maui, Hawaii)

FTS (Siding Spring, Australia)

• The Faulkes Telescopes are part of the Las Cumbres Observatory (LCO)
global telescope network (https://lco.global/)
• We also have access to the 1-m network - new 1-m in Tibet, Israel &
Tenerife (TBC) soon

Spotting new outbursts with optical monitoring

The purple vertical lines show the
dates of first significant detections at
optical, then X-ray wavelengths

We detected the outburst from our Faulkes optical monitoring before the first
X-ray detection in 15 of the 17 outbursts listed above
But we’re not analyzing our data in real-time, so many early rises are missed

X-ray Binary New Early Warning System (XB-NEWS)
We were awarded a grant to develop a fully

automatic photometric pipeline…

=> From downloading images through to final calibrated photometry

X-ray Binary New Early Warning System (XB-NEWS)
Stage 0:
- LCO makes calibrated (i.e. debiased, flat-fielded) science images available
in their archive within ~10 minutes of acquisition of a raw image at the telescope
- XB-NEWS regularly interrogates the LCO archive for new data (maximum cadence
is once per 20 seconds limited by LCO)
- Downloads the calibrated science images (and associated calibrations)
- Organises them into a local archive
- Driven by a target list
- Will also pick up any data for the targets that become public after 1 year

X-ray Binary New Early Warning System (XB-NEWS)
Stage 0: Regular downloads and organisation (delay ~10 mins)
Stage 1:
- Determine image properties to enable quality control (e.g. measure PSF FWHM,
sky level etc.)
- Fail images with poor quality
- Max. ~10-20 sec to process

X-ray Binary New Early Warning System (XB-NEWS)
Stage 0: Regular downloads and organisation (delay ~10 mins)
Stage 1: Quality control (~10-20 sec)
Stage 2:
- Bad pixel masking (including saturation – needs redoing, satellite trails etc.)
- Source (star) detection using SExtractor
- Astrometry using astrometry.net. Employs reference index files built from a clean
sample of stationary stars taken from Gaia Data Release 2 (not to be confused with
similar index files in the LCO Banzai pipeline).
- Identifies the target in the image
- Computes time-stamps (HJD UTC and
BJD TDB)
- Performs fixed-aperture photometry (all
stars; 0.5 to 2.0 arcsec)
- Performs multi-aperture photometry (all
stars; effectively azimuthally averaged
PSF fitting – cf. DAOGrow by Stetson)
- Determines upper-limit for non-detection of
sources
- Processing time depends on number of stars (~1-3 min)

X-ray Binary New Early Warning System (XB-NEWS)
Stage 0: Regular downloads and organisation (delay ~10 mins)
Stage 1: Quality control (~10-20 sec)
Stage 2: Astrometry and photometry (~1-3 min)
Stage 3:
- Uses spatial clustering (DBSCAN from python’s sklearn.cluster) to construct
lightcurves
- Matches the lightcurves to an external catalogue (e.g. PanSTARRS, SDSS,
APASS etc.)
- Fits a photometric calibration model with star mean magnitudes and
spatially-varying zero points corrections for each image as parameters
(see Bramich & Freudling 2012, MNRAS, 454, 1584 for details)

X-ray Binary New Early Warning System (XB-NEWS)
Stage 0: Regular downloads and organisation (delay ~10 mins)
Stage 1: Quality control (~10-20 sec)
Stage 2: Astrometry and photometry (~1-3 min)
Stage 3: Lightcurve construction and calibration (~1-5 min)
Stage 4:
- Analyse lightcurve for new outburst (can be replaced with any anomaly detection
algorithm)
- Issue email alert to team members (and beyond)

X-ray Binary New Early Warning System (XB-NEWS)
Stage 0: Regular downloads and organisation (delay ~10 mins)
Stage 1: Quality control (~10-20 sec)
Stage 2: Astrometry and photometry (~1-3 min)
Stage 3: Lightcurve construction and calibration (~1-5 min)
Stage 4: Anomaly and alert system (~5-10 sec)

Summary
• We aim to have XB-NEWS alerts of new outbursts very soon!
• Alerts can be issued within ~18-20 mins of data being taken
• Trigger multi-wavelength observations to test predictions for the disc instability
model
• XB-NEWS is a general automatic photometry pipeline that plugs into the LCO
archive – works on sparse to relatively crowded fields for point sources – come
talk to me if you are interested for your own LCO observations
• XB-NEWS has a webpage front-end for displaying the results
• XB-NEWS will be made public via GitHub
• Our archive of XB-NEWS light curves stretching back to 2005 will be made public
(~40 LMXBs)

