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A few words about the VO...

• Goal: Easy and efficient access and analysis of the 
information hosted in astronomical archives.  



… and also about the SVO



Outreach… Fine, but what to do?

NEAs: Near-Earth Asteroids. NEAs: Near-Earth Asteroids. 



NEAs and the general public
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NEAs and the general public



NEAs and the data centre

Discovery

Precovery

Follow-up



Project's components

I. The list of NEAs



Project's components

II. The survey (SDSS DR8)
● Almost 10  images⁶
● Coverage > 14500 deg² 
● Multiwavelength info. (u,g,ri,z)
● Large FoV: 1.5 sq. deg.
● Deep limiting mag.: 22.0, 22.2, 22.2, 

21.3 and 20.5.
● Observing sequence: 5.7m (five filters)

● Image Id.
● Mid-exposure time.
● RA,DEC of the image center. 
● Image size.



Project's components

III. The ephemerides



The citizen-science project

http://www.laeff.cab.inta-csic.es/projects/near



The citizen-science project
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The citizen-science project



The citizen-science project



Results: Users



Results: Sizes & orbits

Size: > 300m



Visual inspection. Is it worth it?



New features

●  New surveys: UKIDSS, VISTA /VHS, VST/ATLAS.
●  New classes of asteroids: Mars crossers, binary asteroids.
●  Rapid response system



And still more!: Science

● Asteroid taxonomy

● 206 NEAs and 776 MCs classified.
● Increase of  40% and 663%.



And still more!: Science

● Light curves



Mining SDSS Asteroid taxonomy Fresh NEAs Planetary encounters? YORP fission? Data mining

Surface rejuvenation by planetary encounters?

B. Carry1,2

E. Solano3,4

1Lagrange, Observatoire de la Côte d’Azur
2IMCCE, Observatoire de Paris
3Centro de Astrobioloǵıa (INTA-CSIC)
4Spanish Virtual Observatory
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Sloan Digital Sky Survey

Solano et al. 2014

1. SDSS is amazing for asteroids

• Colors over visible
• But: miss slow

2. Citizen science program

• Ephemeris ↔ FOV
• Thousands of clicks
I Could be avoided!

3. Built large sample

• NEAs: 35 → 210
• MCs: 310 → 620
• 40% and 660% vs spectra

4. Classify objects
I Classes in NEAs
I NEA source regions
I Surface processes

2/13 B. Carry, ESAC, 2016/04/07



Mining SDSS Asteroid taxonomy Fresh NEAs Planetary encounters? YORP fission? Data mining

Sloan Digital Sky Survey

Solano et al. 2014

1. SDSS is amazing for asteroids

• Colors over visible
• But: miss slow

2. Citizen science program

• Ephemeris ↔ FOV
• Thousands of clicks
I Could be avoided!

3. Built large sample

• NEAs: 35 → 210
• MCs: 310 → 620
• 40% and 660% vs spectra

4. Classify objects
I Classes in NEAs
I NEA source regions
I Surface processes

2/13 B. Carry, ESAC, 2016/04/07



Mining SDSS Asteroid taxonomy Fresh NEAs Planetary encounters? YORP fission? Data mining

Sloan Digital Sky Survey

Carry et al. 2016

1. SDSS is amazing for asteroids

• Colors over visible
• But: miss slow

2. Citizen science program

• Ephemeris ↔ FOV
• Thousands of clicks
I Could be avoided!

3. Built large sample

• NEAs: 35 → 210
• MCs: 310 → 620
• 40% and 660% vs spectra

4. Classify objects
I Classes in NEAs
I NEA source regions
I Surface processes

2/13 B. Carry, ESAC, 2016/04/07



Mining SDSS Asteroid taxonomy Fresh NEAs Planetary encounters? YORP fission? Data mining

Sloan Digital Sky Survey

Carry et al. 2016

1. SDSS is amazing for asteroids

• Colors over visible
• But: miss slow

2. Citizen science program

• Ephemeris ↔ FOV
• Thousands of clicks
I Could be avoided!

3. Built large sample

• NEAs: 35 → 210
• MCs: 310 → 620
• 40% and 660% vs spectra

4. Classify objects
I Classes in NEAs
I NEA source regions
I Surface processes

2/13 B. Carry, ESAC, 2016/04/07



Mining SDSS Asteroid taxonomy Fresh NEAs Planetary encounters? YORP fission? Data mining

Sloan Digital Sky Survey

DeMeo & Carry, 2013

1. SDSS is amazing for asteroids

• Colors over visible
• But: miss slow

2. Citizen science program

• Ephemeris ↔ FOV
• Thousands of clicks
I Could be avoided!

3. Built large sample

• NEAs: 35 → 210
• MCs: 310 → 620
• 40% and 660% vs spectra

4. Classify objects
I Classes in NEAs
I NEA source regions
I Surface processes

2/13 B. Carry, ESAC, 2016/04/07



Mining SDSS Asteroid taxonomy Fresh NEAs Planetary encounters? YORP fission? Data mining

Sloan Digital Sky Survey

Carry et al. 2016

1. SDSS is amazing for asteroids

• Colors over visible
• But: miss slow

2. Citizen science program

• Ephemeris ↔ FOV
• Thousands of clicks
I Could be avoided!

3. Built large sample

• NEAs: 35 → 210
• MCs: 310 → 620
• 40% and 660% vs spectra

4. Classify objects
I Classes in NEAs
I NEA source regions
I Surface processes

2/13 B. Carry, ESAC, 2016/04/07



Mining SDSS Asteroid taxonomy Fresh NEAs Planetary encounters? YORP fission? Data mining

Asteroid taxonomy

DeMeo et al. 2009

3/13 B. Carry, ESAC, 2016/04/07
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Space weathering effect

Brunetto et al. 2006 →Reddening and darkening
4/13 B. Carry, ESAC, 2016/04/07
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Space weathering timescale

Vernazza et al. 2009 → 105–106 years
5/13 B. Carry, ESAC, 2016/04/07
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Existence of fresh NEAs

Binzel et al. 2004, 2010

Carry et al. 2016

6/13 B. Carry, ESAC, 2016/04/07



Mining SDSS Asteroid taxonomy Fresh NEAs Planetary encounters? YORP fission? Data mining

Rejuvenating processes?

• Collisions
I Not enough collisions
I One Q in the MB

• Planetary encounters
I Q-types in NEA only
I Tides during encounter

• YORP spin-up
I YORP creates binaries
I Not studied until recently

ESO

7/13 B. Carry, ESAC, 2016/04/07
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Mining SDSS Asteroid taxonomy Fresh NEAs Planetary encounters? YORP fission? Data mining

Rejuvenating processes?

• Collisions
I Not enough collisions
I One Q in the MB

• Planetary encounters
I Q-types in NEA only
I Tides during encounter

• YORP spin-up
I YORP creates binaries
I Not studied until recently

Walsh et al. 2008

7/13 B. Carry, ESAC, 2016/04/07
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Planetary encounters

1. Simple force model on grains

• Tides, centrifugal forces
• Gravity, cohesion

2. Set limit cases

easy: Fast spinner & obliquity=90◦

hard: Obliquity=0◦

3. Compare with Q/S history

• 100 clones per asteroid
• 500 ky integration
• Track encounters

8/13 B. Carry, ESAC, 2016/04/07
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Planetary encounters?

Carry et al. 2016 →5 Rp

9/13 B. Carry, ESAC, 2016/04/07
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Planetary encounters?

Carry et al. 2016 → Mars?
→ Another process?

9/13 B. Carry, ESAC, 2016/04/07
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YORP fission

1. YORP spins up asteroids

2. Recent YORP study

• NEAs dyn. integration

• Simple YORP model

• Spin threshold

3. Key predictions

• Q-types in any population

• Q/S ratio vs diameter
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YORP fission

1. YORP spins up asteroids

2. Recent YORP study

• NEAs dyn. integration

• Simple YORP model

• Spin threshold

3. Key predictions

• Q-types in any population

• Q/S ratio vs diameter

Graves et al. 2016

10/13 B. Carry, ESAC, 2016/04/07
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Fraction of Q-types

⇒Apparent lack of Q-types in MC/MB related to size effect

11/13 B. Carry, ESAC, 2016/04/07
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Next steps?

• Spectral follow-up

◦ SDSS Q may not all be genuine Q-types
◦ Near-infrared spectrum required

• Search for Q-types in the main belt

◦ Time consuming for VNIR spectroscopy
◦ Broad-band photometry

• Spin statistics of Q-types?

◦ Expected spin states after resurfacing?

12/13 B. Carry, ESAC, 2016/04/07
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Data mining

• Tremendous amount of data in archives

◦ Ground: ESO, big surveys, national telescopes

◦ Space: ESA, NASA, JAXA, ...

• Research projects and publications from pure archives

◦ 50% of articles from HST!

◦ 15% of articles from ESO!

I And from ESA?

• Archives are generally not solar-system friendly

◦ Queries by RA/Dec

I Solar system requires special developments

I Great rewards!

13/13 B. Carry, ESAC, 2016/04/07


