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Before we begin…
Who am I? 

Gaia Archive Support Scientist(s): 
• 50% Alcione Mora 
• 50% Héctor Cánovas (since January 1st)

What do I want from you? 

Suggestions and feedback for the Gaia Archive  (> hcanovas@sciops.esa.int)
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Case study: ProtoPlanetary Discs
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Layout

What is a Protoplanetary Disc? 

How can we study them (Gaia + Ground. Obs) 

How can we find them (Gaia + ML) 

Closing the loop
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What is a Protoplanetary Disc?
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What is a PPdisc (I)?

~10 Myr
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What is a PPdisc (II)?

PMS

Temperature/Wavelength
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How can we study them?
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PPDiscs are made of Gas (99%) & Dust (1%) 

• Photometry across entire spectrum 

• Spectra across the entire spectrum 

• Direct Images (optical, NIR, Sub-MM, radio)
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How can we study them (I)?
Gaia 2MASS WISE/Spitzer Herschel/ALMA
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How can we study them (II)?

Canovas+2013, Casassus+2013

NIR (NaCo/VLT) Sub-mm (ALMA)

ALMA Gaia
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How can we study them (III)?

Canovas+2013, 2016a,b, Casassus+2013, van der Plas+2016...

?
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How can we study them (III)?

Haffert+2019, Keppler+, Benisty+2018

BINGO
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How can we find them? 
Or 

Can We find more? YES, GAIA CAN
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traditionally detected via:

X-rays 
Optical Spectroscopy  
IR Emission

 $$$ expensive $$$

How can we find them (I)?
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How can we find them (II)?

Canovas+2019

PMS’s from the same cloud are kinematically and spatially 
clustered

H. Canovas, C. Cantero,: New member candidates of ⇢-Ophiuchus in Gaia DR2

Appendix A: The Control Sample

Extra information about the control sample.

Fig. A.1. Apparent J band magnitude histograms of the initial sample.

Fig. A.2. Parallax and proper motion histograms of the astrometrically
cleaned sample.

Fig. A.3. Parallax and proper motion histograms of the control sample.

ra dec $ pmra pmdec
deg deg mas mas yr�1 mas yr�1

245.49030 -24.49553 7.2 -14.1 -25.0
245.60496 -24.08722 7.3 -15.8 -23.2
246.23550 -24.99397 1.5 -7.7 -3.7
246.79946 -24.17544 6.8 -9.2 -18.8
246.86963 -24.90895 8.5 -14.6 -28.7
246.90484 -23.99250 2.1 4.8 4.1
246.91853 -25.06636 6.5 -8.7 -18.8
247.47741 -24.97957 7.7 -15.2 -25.4
251.12014 -24.20674 2.2 -1.9 -5.9

Table A.1. Objects excluded from the control sample. They appear as
outliers on the bell-shaped histograms shown in Fig. A.2.

Fig. A.4. WISE image of the Ophiuchus region in a square-root color
stretched scale with RGB mapped to 22, 4.6, and 3.4 µm. The control
and Gaia samples are represented as yellow and grey rings, respectively.

Appendix B: Data analysis

Appendix B.1: DBSCAN

Fig. B.1. Left: k-distance plots of the Gaia sample for di↵erent mPts
values. The k = 40, 120 cases show no detectable slope change. Right:

Zoom-in of the k = 80 case highlighting the barely detectable step-like
slope change at k-distance= 0.51.

Appendix B.2: OPTICS

Fig. B.2. Left: Reachability distance plots of the Gaia sample computed
for a range of mPts. Right: Zoom-in of the mPts = 25 case, highlighting
the location of the last point of the largest valley.

Article number, page 9 of 9
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How can we find them (ML I)?

Supervised machine learning (e.g., Neural Networks/
Random Forest) >> Recognise complex patterns (e.g., 
human faces) 

Unsupervised machine learning (e.g., Clustering 
Algorithms/ K-means) >> Data Mining/Cluster detection / 
Outliers detection

See also e.g. Cantat-Gaudin 2018, Vioque et al. (submitted), Torres et al. 2019 
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How can we find them (ML II)?

SciKit Learn: https://scikit-learn.org/stable
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How can we find them (ML III)?H. Canovas, C. Cantero,: New member candidates of ⇢-Ophiuchus in Gaia DR2

Fig. 11. Spatial distribution of the cluster members. Yellow rings indicate the control sample members not identified by the algorithms.

Fig. 12. Histogram distributions of the clusters identified by DBSCAN, OPTICS, and HDBSCAN. The control sample is represented as grey bars. Make

it smaller?/move the previous histograms to the Appendix?

Fig. 13. Spatial distribution of the common and uncommon members.

2, and C.1, C.2 in Arenou et al. 2018; Lindegren et al. 2018, re-
spectively). For further information about the quantities used to
filter out our sample we also refer to the Gaia Archive Documen-
tation7. We found that this has a significant impact on our final
results, as the density of the dataset changes and this obviously
has an impact on the outcome of the density algorithms Elabo-

rate more; explain that using the RUWE criteria we obtain

⇠ 15% more cluster members.

7 https://gea.esac.esa.int/archive/documentation/index.html

5.3. Contamination by Upper Sco?

As mentioned in Sec. 2.3, the Gaia sample probably contains
members of the extended UppSco association. For comparison
we have computed the average ↵, �, µ↵⇤ , µ�, and $ of the con-
trol population in the UppSco sample discussed by Galli et al.
(2018) (see Table 4). Interestingly, this association shares a num-
ber of properties with the Ophiuchus population here discussed
and both regions share the same average parallaxes (i.e., average
distances). Given the average µ↵⇤ and overall properties of the
UppSco subsample, it is plausible that the shoulder observed in
the µ↵⇤ histogram of the population identified by DBSCAN and
OPTICS that peaks at ⇠ �0.125 mas yr�1 indicates contamina-
tion by members from UppSco. Tb Improved or removed.

Stats ↵ � $ µ↵⇤ µ�
[�] [�] [mas] [mas yr�1] [mas yr�1]

Mean 242.0 -23.7 7.1 -11.7 -23.9
Sigma 3.6 3.2 0.5 3.1 1.9

Table 4. Mean and standard deviation (1�) of the UppSco control sam-
ple discussed by Galli et al. (2018).

Acknowledgements. This publication makes use of data products from
1) the Two Micron All Sky Survey, which is a joint project of the University
of Massachusetts and the Infrared Processing and Analysis Center/California
Institute of Technology, funded by the National Aeronautics and Space

Article number, page 7 of 9

Common  
Sample
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How can we find them (ML IV)?

The common sample: 

391 sources: 

148 > Control sample (188) 

243 > potential members 

166 > new ones 

H. Canovas, C. Cantero,: New member candidates of ⇢-Ophiuchus in Gaia DR2

Fig. 11. Spatial distribution of the cluster members. Yellow rings indicate the control sample members not identified by the algorithms.

Fig. 12. Histogram distributions of the clusters identified by DBSCAN, OPTICS, and HDBSCAN. The control sample is represented as grey bars. Make

it smaller?/move the previous histograms to the Appendix?

Fig. 13. Spatial distribution of the common and uncommon members.

2, and C.1, C.2 in Arenou et al. 2018; Lindegren et al. 2018, re-
spectively). For further information about the quantities used to
filter out our sample we also refer to the Gaia Archive Documen-
tation7. We found that this has a significant impact on our final
results, as the density of the dataset changes and this obviously
has an impact on the outcome of the density algorithms Elabo-

rate more; explain that using the RUWE criteria we obtain

⇠ 15% more cluster members.

7 https://gea.esac.esa.int/archive/documentation/index.html

5.3. Contamination by Upper Sco?

As mentioned in Sec. 2.3, the Gaia sample probably contains
members of the extended UppSco association. For comparison
we have computed the average ↵, �, µ↵⇤ , µ�, and $ of the con-
trol population in the UppSco sample discussed by Galli et al.
(2018) (see Table 4). Interestingly, this association shares a num-
ber of properties with the Ophiuchus population here discussed
and both regions share the same average parallaxes (i.e., average
distances). Given the average µ↵⇤ and overall properties of the
UppSco subsample, it is plausible that the shoulder observed in
the µ↵⇤ histogram of the population identified by DBSCAN and
OPTICS that peaks at ⇠ �0.125 mas yr�1 indicates contamina-
tion by members from UppSco. Tb Improved or removed.

Stats ↵ � $ µ↵⇤ µ�
[�] [�] [mas] [mas yr�1] [mas yr�1]

Mean 242.0 -23.7 7.1 -11.7 -23.9
Sigma 3.6 3.2 0.5 3.1 1.9

Table 4. Mean and standard deviation (1�) of the UppSco control sam-
ple discussed by Galli et al. (2018).

Acknowledgements. This publication makes use of data products from
1) the Two Micron All Sky Survey, which is a joint project of the University
of Massachusetts and the Infrared Processing and Analysis Center/California
Institute of Technology, funded by the National Aeronautics and Space
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Closing the loop (I)

Gaia + 2MASS + WISE: 12 new discs (!!!)
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Closing the loop (II)
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… obvious future steps…

• Obtain optical spectra from new candidates to 
characterise them 

• Observe with ALMA (sub-mm) and/or VLT's (NIR) the 
new discs 

• Repeat this exercise with other SFR’s…
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Thanks… 

And do not forget: suggestions for the Archive are more than welcome! 


