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Star Formation in a nutshell
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Star Formation in a nutshell
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Star Formation in a nutshell
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Around 250
known to date
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Star Formation in a nutshell
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Star Formation in a nutshell

All known Herbig Ae/Be stars
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Star Formation in a nutshell

All known Herbig Ae/Be stars
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Star Formation in a nutshell
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Star Formation in a nutshell

Break in accretion
properties between
Herbig Ae and Herbig Be

. CTTs
Best fit for CTTs

Best fit for low-mass HAeBes
Best fit for high-mass HAeBes
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Some other open questions

Clustering
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Looking for new high-mass Pre-Main Sequence objects
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Main characteristics of PMS objects:
* Infrared excesses

* Ha emission

* Photometric variability



Looking for new high-mass Pre-Main Sequence objects
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Main characteristics of PMS objects:
* Infrared excesses

* Ha emission

* Photometric variability

DEC (J2000)

“Easy” to do for low-mass objects: i |
eg., Ksoll et al. (2018), Marton et al. (2019) e

RA (J2000)
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Looking for new high-mass Pre-Main Sequence objects

I I | |
Class IT -

T-Tauri Star \
| | 1 1

Main characteristics of PMS objects:
* Infrared excesses

* Ha emission

* Photometric variability

High-mass PMS objects are very
similar to Classical Be stars

... and supergiants, B[e] stars, ...




Looking for new high-mass Pre-Main Sequence objects

Perform an homogeneous

selection, distance and
position independent!

High-mass PMS objects are very
similar to Classical Be stars

... and supergiants, B[e] stars, ...



Neural Network

Algorithm is trained with known
labelled data

— M- After generalizing:
Before training: * Each category gets
* Training Set a probability
e Set of characteristics . Efficiency of the
* Set of categories algorithm

The best architecture is selected



Neural Network

Selection of the characteristics:

AIIWISE (WISE+2MASS)
Wi, w2, w3, w4

 Infrared excess I HK,

IPHAS  VPHAS+

* Ha emission

2 variability
indicators

* Photometric variability § :
B, G R,




Selection of the Training Set:

AlIWISE IPHAS  VPHAS+

Gaia

4151538
' sources

* 848 Pre-Main Sequence

PMS category objects (163 Herbig
Ae/Be)

Classical Be e 775 Classical Be stars

category

Other sources e 470 263 random sources




— Training the Neural Network
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/ Trained Neural Network
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693 Classical
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Gaia HR diagram
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Gaia HR diagram

Training Set PMS candidates

+ Classical Be
- PMS

~2226 Herbig Ae/Be candidates with
parallax/o(parallax) > 5

Before ~250
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Coordinates

b [deg]

b [deg]

b [deg]

* * * od ) e ® : . . $. ¥ . "
aste ? . y A ! 1 t. ."“o o & ‘o ‘J M’.‘ o o:g’ .o ‘% '?' S :'. 4
. * ’ ¢ o or :‘ . B - *: e '..‘ ¢ . ~oo" ’ q..‘i'. .’.‘.. v * ¥
2 B .‘ % .% .. * S ° 4 .q e 7 .:9 ‘.0.;. a‘??.. "0‘0 59 ‘ .: ..o 'o
] s * o - h‘o . 2.? . % .. .:.. .; -® - 5. ~.C LI - :.‘.3 -...
* e °.. ®e « * o« * o *e ot * * te .:0‘ . o™ % - 4
—4 I ST o e . e C . “. oo
180 170 160 150 140 130 120 110 100 90
4 " '. & . ", ™ - . N 2 .
5. ... .. . ™ ':. .o~ ¢ > ..“ s %o % . -
VA L SRR N . ' C : 33
_2 b Bg » » " .‘. . - ot .' .0.'. . '. * e °® AR
_4 L] ] . . . . o. . : .
90 80 70 60 50 40 30 20 10 0
4
2 ) - )
o., “ & “ 5 e . . o .10 Lo e ¢ .
0 & . e or . . & . qh . . % g‘? .."':ml fz: o. @ .
_2 . * ‘ - L . *e - s“ ] ; @ . ®
—4 [
0 —10 —20 —30 —40 —50 —60 —70 —80 —90
4 . MRS £ “g
2 ..° . 3‘ . . -e.. ﬂ Y : “‘ 2 &
0 visy e a. . .2‘ * Cue % ¥ : & . o . .‘.g’.‘:...?’ ’:.' . ’ s . 7 ‘* oi L Sl e
o o - $ - i . gt o -1 T 2 $
_— 2 Lo «* ot - » . h .’ o % » "0.$¢ P . F .. * T » - M ..g\‘
—4 ‘e o # % . e -9 3 o~%. oy
. 2 . . .

—100

—110

—120

—130
1

—140
[deg]

—150

—160

—170

—180



Coordinates

L e
4 L] . - . :' - ‘o
— . . . A
=14] 2 ‘s . 3 & . ;‘ . LA A o
(] Q‘ . sate o p! . Joik .
'—E' 0 - y . o?" il s ® L% v *% e .. . .‘0 ...... ;0 ’ . 4 . - - .
- . > x . b
2 -2 W Een SR D ¥ i VEE R e T
4 cot ) Rt AR AP,
. 2 . .

—100

—110

—120

—130  —140
1 [deg]

—150

—160

—170

—180



b [deg]

b [deg]

b [deg]

Coordinates

DSS2 color

110 —120 —130 —140 —150 —160 —170 —180
1 [deg]



Caveats

Planetary Nebula!

... as Pre-Main Sequence candidate

See also Akras et al. 2019a, 2019b



Caveats

Planetary Nebula!

Possible contaminants have been analyzed and
flagged in the catalogues



Caveats

Planetary Nebula!




Caveats

Planetary Nebula!

Contaminants
are interesting
e.g. B[e] stars




We went observing

Optical spectroscopy
* 145 new Herbig Ae/Be candidates
* 14 new Classical Be candidates

e 9 contaminants




* 145 new Herbig Ae/Be candidates

Relative Flux

We went observing

Optical spectroscopy

e 14 new Classical Be candidates

e 9 contaminants
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We went observing

Optical spectroscopy

* 145 new Herbig Ae/Be candidates
14 new Classical Be candidates
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* 145 new Herbig Ae/Be candidates
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We went observing

Optical spectroscopy

14 new Classical Be candidates

e 9 contaminants

Gaia DR2 428909457258627200
Catalogue: Herbig Ae/Be star candidate

Probability: 97%, Distance: 25907299 pc
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* 145 new Herbig Ae/Be candidates
14 new Classical Be candidates

We went observing

Optical spectroscopy

9 contaminants

INT

NTT

¢ PMS candidates
e CBe candidates




We went observing

Optical spectroscopy

145 new Herbig Ae/Be candidates
14 new Classical Be candidates

e 9 contaminants

NTT

120/145 Herbig Ae/Be =6 » PMS candidates
candidates observed were 4 e CBe candidates
confirmed as positive

detections. —2

observed were confirmed as
positive detections.

)

2
14/14 Classical Be candidates = 0

o

=

7/9 flagged contaminants in
the catalogue are indeed 6

contaminants.




log(L) [Lg]

We went observing

® Observed PMS candidates ooy ¢

Known Herbig Ae/Be stars s =

4.5 4.4 4.3 4.2 4.1 4.0 3.9 3.8 3.7
log(Tesr) [K]

120 new Herbig Ae/Be stars
42 of them are above 4 M,

Some of them are significantly
less evolved than the previously
known Herbig Ae/Be stars of
the same mass.
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We went observing

® Observed PMS candidates ooy o .

Known Herbig Ae/Be stars = =

e 120 new Herbig Ae/Be stars
* 42 of them are above 4 M

* Some of them are significantly
less evolved than the previously
known Herbig Ae/Be stars of
the same mass.
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Conclusions

We have obtained 8470 new
PMS candidates. 2226 = | Completeness
potential Herbig Ae/Be stars. 78.8 £ 1.4%

We retrieve 693 new Classical
Be stars candidates. —_—

Completeness
85.51+1.2%

We retrieve 1309 candidates of
belonging to either one of the
two categories.

The catalogues contain flags for
possible contaminants.



Conclusions

We have obtained 8470 new
PMS candidates. 2226 == | Completeness

potential Herbig Ae/Be stars. 78.8 £ 1.4%

We retrieve 693 new Classical

Completeness
Be stars candidates. B -

85.5 + 1.2%

We retrieve 1309 candidates of

belonging to either one of the Indepemilent
two categories. observations

confirm the
The catalogues contain flags for accuracy of the

possible contaminants.

classification!



