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Herbig Ae/Be stars are high-mass Pre-Main Sequence objects which are key to understanding the
star formation mechanisms of high-mass stars and the evolution of their protoplanetary discs. By
applying Machine Learning techniques to Gaia DR2 data we have constructed a large and
homogeneous catalogue of new Pre-Main Sequence sources with, at least, 1361 new Herbig Ae/Be
stars. Standard techniques are not efficient for identifying these objects mainly because of their
similarity with Classical Be stars, with which they share many characteristics. By focusing on
disentangling these two types of objects, our algorithm has also identified 693 new Classical Be stars.

The catalogue of new high-mass Pre-Main Sequence stars that we present here increases the
number of known objects of the class by an order of magnitude. In this poster | discuss the
methodology used and the general properties of the new sources. Furthermore, | present the results
of independent spectroscopic observations of these newly discovered Herbig Ae/Be stars.
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Context

~250 Herbig Ae/Be stars were known to date ) Most open problems in high-mass star formation
This is an inhomogeneous and biased set are limited by this small and biased set

 We knew very few little evolved Herbig Be /
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Methodology & Results

By applying Machine Learning techniques to 4,150,983 sources with data from Gaia DR2, 2MASS, WISE, and IPHAS or
VPHAS+ we have constructed a large and homogeneous catalogue of new high-mass Pre-Main Sequence objects.

Gaia colour vs. absolute magnitude diagram

Selection is based on infrared excess, Hax emission,
* and photometric variability

Our artificial neural network obtained a homogeneous
catalogue of Pre-Main Sequence stars with at least

1361 new Herbig Ae/Be candidates

This number can be increased by relaxing the
. constraints to the parallax quality

Mg [mag]

; T * In blue the previously known Herbig Ae/Be stars.

g ° * Inred the newly discovered Herbig Ae/Be stars, which
3 are those new Pre-Main Sequence candidates placed
Gpp — Grp [mag] in the more massive locations of this diagram.

Code YODA (Young Object Discoverer Algorithm) available here: https://github.com/MViogue/YODA
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Methodology & Results

We discovered 693 new Classical Be stars because of their similarity with Herbig Be stars
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Further analysis with selection-independent observables confirm the quality of the classification:
* The Pre-Main Sequence candidates tend to be associated with nebulosities and star-forming regions, and appear

mostly in Pre-Main Sequence locations in the Hertzsprung-Russell diagram.

* The Classical Be candidates do not trace the associations of Pre-Main Sequence candidates or nebulosities and appear
mostly in Classical Be locations in the Hertzsprung-Russell diagram.
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Independent observations

A subsample of 145 Herbig Ae/Be candidates, 14 Classical Be candidates and 7 catalogue tagged contaminants have

been observed with optical spectroscopy for further confirmation of their nature
Examples:

Gaia DR2 428909457258627200 Confirmed new Gaia DR2 431592948519739136 Confirmed new

Catalogue: Herbig Ae/Be star candidate - - Catalogue: Classical Be star candidate - .
Probability: 97% Herbig Be discovery Probability: 89% Classical Be discovery
Observed spectral type: B9.5e Observed spectral type: B1.5e

Mass: 2.40%3-2> M, Mass: 8.3119 M%O

Distance: 25901299 pc | | Distance: 34701550 pc
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Independent observations

. . Gaia colour vs. absolute magnitude diagram
* 89% of the observed Herbig Ae/Be candidates _6 : :
. : « Confirmed new Herbig Ae/Be detections
are indeed of a Pre-Main Sequence nature. .
o Confirmed new Classical Be detections
* 14/14 of the observed Classical Be candidates —4
display line broadening and other spectral _3
characteristics typical of Classical Be objects. _5
» 6/7 of the observed catalogue tagged w1
contaminants are not Pre-Main Sequence or & 0
Classical Be, and hence were correctly tagged EU 1
in the published catalogues. )
: : ) g |
These independent observations provide 2
further support for the high quality and 4 E ¢
accuracy of the new catalogues R e e T TS
6 Mass [Mg]
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precision = 90%. Gpp — Grp [mag]

Theoretical Pre-Main Sequence tracks in grey and Main Sequence in blue
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