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Big & Well-Organised

o Satellites and stellar streams of the Milky Way




Milky Way Satellites

* The Southern sky has so far been surveyed by
DES down to p = 31 mag arcsec?. DES has only

observed about a quarter of it. There may be lower
surface brightness galaxies hidden in the DES
footprint. Most of the rest of the Southern sky is
unexplored at these taint surface brightness limits.




Milky Way Satellites

Gaia discovers Antlia Il with p = 32.3 mag arcsec->



Milky Way Satellites

Proper Motions

The satellite was identitied using a comr

Torrealba et al 2019
bination of

astrometry, photometry and variability data from

Gaia DR2 (its nature was confirmed wit
archival DECam imaging).
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Milky Way Satellites

Antlia 2 is located behind the Galactic disc at a latitude
of b ~ 112 and spans 1.26°, or ~ 2.9 kpc at its distance

of 130 kpc. The same size as the LMC, Antlia 2 is orders
of magnitude fainter with My = —=8.5 mag.lt is by tfar the
lowest surface brightness system known — 100 times
more diffuse than the so-called ultra diffuse galaxies.




Stellar streams

 While Gaia has discovered only on new ultrafaint
dwarf galaxy, it has found abundant stellar streams.

e Streams remain kinematically cold and identitiable
as substructure in phase space long after they
- have ceased to be recognisable in star counts




STREAMFINDER

« STREAMFINDER (Malhan & lbata 2018) shoots trial
orbits within a realistic Galactic potential, using the
astrometric and photometric measurements of the stars
to select initial conditions for the orbits. The likelihood of
this stream model is compared to a no-stream model (or
the background).




Action searches
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A KDE Is used to provide a smooth background,
and then over-densities in action space identified.




The Sequoia Event

Retrograde tail
(Sequoia remnant) Sausage remnant
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| SST Streams

* Resolved stellar streams in imaging data and phase
space substructure can be found by direct application
of existing techniques to LSST photometry/astrometry.

e LSST can probe an entirely new regime. Stellar halo
substructure in the Local Universe has been found
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| SST Streams

 No wide-area automated survey of such unresolved tidal
substructures has been run. Kado- Fong et al (2018) made
the first step in automated tidal feature identification as
applied to ~200 square degs of HSC imaging & found
1000s faint tidal streams around galaxies with 0.05 < z <

0.45




Machine Learning




AGN Catalogues

* Cross-match the Gaia DR2 optical source
catalogue of 1.7 billion sources with the unWIS
mid-IR catalogue of 2 billion sources.




AGN Catalogues

 We build the AGN data set for a RF classifier from the
largest spectroscopically confirmed QSO sample --- the
SDSS DR14 QSO catalogue. Requiring unWISE and
Gaia counterparts results in 339,194 QS0s.

* To build the non-AGN data set, we randomly select 10
‘million objects from the Gaia-PS1 and cross-match them |




AGN Catalogues
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Shu et al 2019
Use a RF classifier based on 16 features



AGN Catalogues

* We build two catalogues, C95 and R90. They are

constructed by applying different pagn thresholds to
achieve 95 % completeness and 90 % reliability
respectively.

 The C95 AGN catalog contains 2,873,393 sources,




AGN Catalogues

R90 AGN Catalog

# of sources per deg?

Shu et al 2019
R90 distribution — the candidate AGNs




Stellar Ages

This is the ultimate revenge tantasy

* Asteroseismological ages (needs high cadence, high
precision stellar photometry, restricted to nearby stars).




Stellar Ages

* The feed-torward ANN is trained using a sample
of red giant stars with mass estimates from
asteroseismology. A Bayesian pipeline uses the
astrometric, multi-band photometric,
spectroscopic and asteroseismology data to

- determine posterior distributions for the training
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Stellar Ages
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Sanders et al 2019



Stellar Ages

« The ANN was applied ~ 10 000 red giants in the

overlap between the 14th data release from the
APOGEE and TGAS. The ANN was able to

reduce the uncertainty on mass, age, and
distance estimates for training-set stars. The




Conclusions

 The Gaia data is an excellent testing ground to develop
algorithms for subsequent extension to LSST, especially of
streams and faint satellites. We have already seen with the
discovery of Antlia Il & the Sausage/Sequioa hints of what the




We are Pavlov's Dog










AGN Catalogues
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