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IPAG              team, a brief presentation 
Guillaume Dubus 

‣ High-energy emission (XMM, Chandra, NuSTAR, IXPE, SVOM, CTA) 

‣ Kinetic plasma processes, magnetic reconnection 

‣ Accretion-ejection phenomena 

‣ Dynamics of protoplanetary discs 

‣ Astrocladistics and astrostatistics 

 interest in Rubin-LSST: transients and variable stars
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currently: 8 permanent staff, 3 postdocs,11 PhD 
students,1 visiting professor (Darryl Haggard)
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companion star

mass transfer : 
stellar wind or 

Roche lobe overflow

accretion disc

relativistic jet
and/or disc wind

neutron star 
or black hole

X-ray binaries: a lab for accretion ejection processes
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orbital period:
hours to days



‣  How is matter transported in the accretion disc ?  

‣  What drives disc winds and relativistic jets ? 

‣  How is gravitational energy released ? 

‣  Is rotational energy extracted from the black hole or neutron star ? 

‣  Where are stellar-mass black holes hiding ?
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Key questions
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Jet emitting disk model 
(Ferreira, Petrucci+ 2006, 
Marcel+ 2018)

Black hole magnetosphere 
(Crinquand+ 2022)

Magnetic outflows 
(Jacquemin-Ide+ 2021)

Thermal stability of discs 
(Scepi+ 2018, Dubus+ 2018)

Black hole candidates from RV surveys 
(Clavel+ 2021)
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X-ray binaries are optical variable stars
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‣ Recurrent outbursts (months) followed by 
quiescence (years) due to disc instability 
modulating accretion/ejection. 

‣ Typically, X-ray discovery triggers 
multiwavelength observations. 

‣ Optical traces outer disc, sometimes jet.

Optical precursors to outbursts ? 

X-ray optical delay, colour evolution ? 

Orphan optical outbursts ('misfires') ? 

Variability in quiescence ? 



A Rubin-LSST program
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Monitor activity in known sources & 
provide optical triggers. Gaia BH2 4339

MNRAS 521, 4323–4348 (2023)

Figure 12. Comparison of Gaia BH1 and BH2 (black points) to other known BHs. The red and blue symbols correspond to the accreting BHs with low- and
high-mass companions. The magenta symbols show the detached binaries in the globular cluster NGC 3201, and the cyan points show the detached binaries in
which the luminous star is a high-mass (! 20 M!) star. Gaia BH2 stands out from the rest of the population most strongly due to its orbital period, which is
seven times longer than that of Gaia BH1 and ∼1000 times longer than the periods of typical X-ray binaries.

Figure 13. Comparison of Gaia BH1 and BH2 (black points) to known Galactic BHs in the plane of distance and orbital period. Colour scheme is as in Fig.
12. The Gaia-discovered systems are in entirely different part of this parameter space from other known BHs: they both have longer periods and are closer to
Earth than any other known BHs.

> 5. For these sources, we use the geometric distance estimates
from Bailer-Jones et al. (2021), which are informed by the parallax
and a Galactic model prior. For the other sources, which are fainter
and/or more distant, the parallaxes are not very constraining, and so
we collect distance estimates from the literature that are based on
the orbital period, donor spectral type, and apparent magnitude in
quiescence. Where available, we take these estimates from Jonker &
Nelemans (2004). For the objects not included in that work, we take

the estimates from individual-object papers: Casares et al. (2009)
for GS 1354–64, Heida et al. (2017) for GX 339–4, Mikołajewska
et al. (2022) for MAXI J1820+070, and Mata Sánchez et al. (2021)
for MAXI J1305−704. A few sources are too faint in the optical
(in some cases due extinction) to be detected by Gaia; these are not
shown in Fig. 14.

Gaia BH2 has the longest orbital period of all currently known
and suspected BHs. Its orbital period is a factor of 7 longer than that
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BlackCAT (Corral-Santana+ 2015)

El-Badry+ 2023

4 D. M. Russell ET AL.
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FIGURE 1 Examples of LMXB outbursts detected by optical telescopes before the first X-ray detections. Soft X-ray (2–20

keV) data from MAXI are shown in black and hard X-ray data (15–50 keV) from BAT on Swift are in grey. The purple vertical

lines mark the dates of first significant detections at optical, then X-ray wavelengths. All were detected first with the Faulkes

Telescopes except MAXI J1820+070, which was discovered as the optical transient ASASSN-18ey by the ASAS-SN survey.

likely contains a BH, and not a NS (Baglio, Russell, & Lewis,

2018). We have also been monitoring MAXI J1820+070 with

a Meade LX850 16-inch (41-cm) telescope using Baader

LRGB CCD filters (similar central wavelengths to !′," ,#-

bands) at Al Sadeem Observatory4 (Owner/Co-founder Thabet

Al Qaissieh, Director/Co-founder Alejandro Palado, Resident

Astronomer Aldrin B. Gabuya), located in Al Wathba South,

outside the city of Abu Dhabi in the United Arab Emi-

rates (Russell, Baglio, et al., 2018). The light curve of MAXI

J1820+070 in Fig. 1 represents one of the best sampled rises

into outburst at optical wavelengths of a LMXB to date (we

also include some magnitudes published in ATels; Denisenko,

2018; Gandhi et al., 2018; Littlefield, 2018), and shows that

the X-ray flux started to flatten and decay slightly, before the

optical reached peak flux. MAXI J1820+070 provides evi-

dence that we are now entering an era in which previously

unknown LMXBs are being discovered at optical wavelengths

4http://alsadeemastronomy.ae/

before X-rays. However, again the initial rise out of quiescence

was missed, this time at both optical and X-ray wavelengths.

The short-lived 2015 outburst of V404 Cyg was the bright-

est LMXB outburst seen in decades. We detected the initial

brightening of the outburst from our Faulkes Telescope moni-

toring – the optical precursor occurred a week before the first

X-ray flare was detected (Bernardini et al., 2016). Since the X-

ray rise was very rapid, the week delay suggests that the disc

may have heated up before the X-ray outburst began. The X-

ray delay is consistent with the time needed to refill the inner

region and hence move the inner edge of the disc inwards,

allowing matter to reach the central BH, finally causing the X-

ray brightening. This may be the case for some of the other

outbursts in which the optical rise was detected before X-ray

confirmation (Fig. 1 ), but for these we have no constraint on

when the X-rays started rising out of quiescence. Even though

we are detecting new outbursts regularly at their early stages,

XB-News (Russell+ 2019)

Uncover X-ray faint binaries through 
their optical outbursts.

Help identify new X-ray transients & 
candidate dormant black holes (Gaia).

Limitations due to cadence, Gal. Plane coverage ? 

Implementation in a variability broker ? 



Astrostatistics: unsupervised classification
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Unsupervised classification of galaxies with the FisherEM algorithm (discriminant latent-
subspace mixture model)   
D. Fraix-Burnet, J. Dubois, J. Moultaka, H. Chambon, C. Beissière-Thygesen, C. Bouveyron, A. Sinha.

El-Badry+ 2023Fraix-Burnet+ 2021
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