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Scientific Rationale

Bright objects with peculiar colors and high proper motions 
are rareare rare.

• Objects with blue colors ⇒ high Teff

• Objects with red colors ⇒ low T ffObjects with red colors ⇒ low Teff

• High µ ⇒ close heliocentric distances

The closer/brighter the easier to investigate

their physical propertiestheir physical properties
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The data

Tycho-2 Catalogue: 2MASS Catalogue: 
• Optical BT and VT

• Proper motion
• NIR J, H and Ks

• 470 millions objects
• 2.5 millions objects 

Cross-match the full sky (41 253 square degrees)Cross-match the full sky (41,253 square degrees)
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• Proper motion
• NIR J, H and Ks

• 470 millions objects
• 2.5 millions objects 

Cross-match the full sky (41 253 square degrees)Cross-match the full sky (41,253 square degrees)

A perfect case for the Virtual ObservatoryA perfect case for the Virtual Observatory

F. Jiménez-Esteban  - Spanish Virtual Observatory  - fran@cab.inta-csic.es 



V.O. Methodology

1. Define circular overlapping regions of 1.2º radius (>20,000 regions)
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V.O. Methodology

1. Define circular overlapping regions of 1.2º radius (>20,000 regions)

2. IDL program to create and launch Aladin-scripts

3 Aladin cross match ⇒ > 20 000 tables3. Aladin cross-match ⇒ > 20,000 tables

4. Shell-script to joint all these tables

5. TopCat to analyse the huge data set

6. VO-tools to study the peculiar high proper motion candidates
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Aladin: Cross-matching catalogues

1. Download Tycho2 data
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Aladin: Cross-matching catalogues

1. Download Tycho2 data

2 New column with proper motion: µ=((µ RA*cos(Dec))2+(µ Dec)2)1/22. New column with proper motion: µ=((µ_RA*cos(Dec))2+(µ_Dec)2)1/2

3. Filter Tycho objects with µ > 50 mas/yr

4. Download 2MASS data

5. Cross-match Tycho-2MASS  

• Select all 2MASS sources closer than 40’’

• Transform 2MASS coordinates to Tycho2 epoch using proper motion

• Select the closest 2MASS sourceSelect the closest 2MASS source

We cross-matched the full sky in only 3 weeks
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TopCat: analyzing results

1. Auto cross-match to remove repeated sources ⇒ 162,055 sources
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TopCat: analyzing results

1. Auto cross-match to remove repeated sources ⇒ 162,055 sources

2. Apply good detection criteria ⇒ 157,184 sources

– 2MASS Qflg=A,B,C,D in Ks

– VT ≠ 0 and error < 0 3 magVT ≠ 0 and error  0.3 mag
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TopCat: analyzing results

1. Auto cross-match to remove repeated sources ⇒ 162,055 sources

2. Apply good detection criteria ⇒ 157,184 sources

3. Histograms of the angular separation ⇒ 155,384 sourcesg g p ,

-σρα < 0.69 mas

σ < 0 78-σρδ < 0.78 mas
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TopCat: analyzing results

1. Auto cross-match to remove repeated sources ⇒ 162,055 sources

2. Apply good detection criteria ⇒ 157,184 sources

3. Histograms of the angular separation ⇒ 155,384 sourcesg g p ,

4. Plots: rpm diagram

H vs V KHV vs. VT − Ks

HV = VT + 5 log(µ) + 5
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TopCat: analyzing results

1. Auto cross-match to remove repeated sources ⇒ 162,055 sources

2. Apply good detection criteria ⇒ 157,184 sources

3. Histograms of the angular separation ⇒ 155,384 sourcesg g p ,

4. Plots: rpm diagram 

5. Colour selection criteria 
33 Blue

VT − Ks < −0.5T s

73 Red  
VT − Ks > 6.0
or 5 5 < V − K < 6 0 & H > 8 0
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or 5.5 < VT − Ks < 6.0 & Hv > 8.0



Aladin: Confirmation of candidates 

1. Visualize inspection using optical (DSS-1) and infrared (2MASS) 
images separated several decades in timeimages separated several decades in time
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Aladin: Confirmation of candidates 

1. Visualize inspection using optical (DSS-1) and infrared (2MASS) 
images separated several decades in timeimages separated several decades in time

2. Superimpose astro-photometric datap p p
• Tycho-2

• 2MASS

• Astrographic Calalogue AC2000.2g p g

• USNO-B1

• SuperCosmos Sky Survey

• DENISDENIS

• PPMX
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Blue high proper motion objects

Result: Of the 33 candidates
• 1 discarded object because erroneous µ1 discarded object because erroneous µ

• 27 already studied

10 H t bd f ( )10 Hot subdwarfs (squares)

9 white dwarfs (diamonds)

5 young MS (up-triangle)5 young MS (up triangle)

3 other stars (down-triangle)

• 5 never studied (red circles)• 5 never studied (red circles)
“ALBUS” 4 to 8
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Blue high proper motion objects

Albus objects: What are they? 

1. Aladin to search for additional photometry
DENIS & GRIZ
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Blue high proper motion objects

Albus objects: What are they? 

1. Aladin to search for additional photometry
DENIS & GRIZ

2. VOSA to fit the SEDs 

to theoretical models (Kurucz)( )

Teff:  24,000 – 30,000 K
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Blue high proper motion objects

Albus objects: What are they? 

1. Aladin to search for additional photometry
DENIS & GRIZ

FUSE spectra

2. VOSA to fit the SEDs 
Teff:  24,000 – 30,000 K

3. VOSED to look for spectra

Alb 5 dBAlbus 5 ⇒ sdB

The rest ⇒ WD or sdO/B

F. Jiménez-Esteban  - Spanish Virtual Observatory  - fran@cab.inta-csic.es 



Blue high proper motion objects
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Red high proper motion objects

Preliminary result: Of the 73 candidates
• 13 discarded object j

8 binary system not resolved by 2MASS (crosses)

5 erroneous µ (sails)

• 54 already studied

50 red giant (triangles)

3 red dwarfs (squares)

1 rd spect. binary (diamond)

• 6 never studied (blue circles)
“RUBER” 4 to 9

F. Jiménez-Esteban  - Spanish Virtual Observatory  - fran@cab.inta-csic.es 



Future work

• Extend the limits of the “red” regionte d t e ts o t e ed eg o
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Future work

• Extend the limits of the “red” regionte d t e ts o t e ed eg o

• Ruber objects: what are they?
Aladin to search for additional photometry

VOSA to fit the SEDs to theoretical models

VOSED t l k f tVOSED to look for spectra

• Follow-up spectroscopy of Albus and Ruber objects• Follow-up spectroscopy of Albus and Ruber objects

F. Jiménez-Esteban  - Spanish Virtual Observatory  - fran@cab.inta-csic.es 

ThanksThanks
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