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Data Mining: lectures so far

CSV

Web interfaces
Python

MySQL, CSV file

Relational, object-oriented
ER, SADT, UML

Astronomical archives & 
Catalogs 

SQL



  

Databases in Astronomy

 Databases in Astronomy
 In-depth SDSS  
 UKIDSS, CFHT
 Theoretical data: Millenium database
 SQL again 
 Science with databases



  

Databases in Astronomy

 Catalogs, archives, surveys 
 Bibliographical 
 Product of optical-, infra-red-, radio- 

surveys 
 Astrophysical parameters 
 Publications  



  

Databases in Astronomy: Classification

 Fundamental catalogs: astometric, 
photometric & astrophysical  

 Surveys 
 Libraries  

  



  

Databases in Astronomy: Properties

 Deliverables  
 Selection criteria 
 Spectral coverage and resolution 
 Spacial coverage and resolution 
 Quality
 Completeness
 Effects of selection  



  

Effects of selection 



  

Databases in Astronomy: Properties Example

 List of galaxies with coordinates, magnitudes, classification, 
S(eyfert) or Q(uasar) flag; cross identifications to other 
catalogs; B1950 positions; major and minor axis (arcsec); 
magnitude and spectral types, including a code for the 
strength of the UV continuum.  

 UV excess moderate to strong ultraviolet continuum as 
detected by an objective-prism survey

Depth: no galaxies brighter than mag 13.0 or fainter than 
mag 17.5 (which Band?)

 Single broad-band magnitude 

 (Observatory location) 

 (not applicable)

 (Observatory location)

Markarian Galaxies: First Buyrakan Survey



  

Surveys: Photometric & Spectroscopic

 POSS →  DSS  
 2MASS
 SDSS 
 UKIRT surveys → UKIDSS 
 ESO public surveys 
 Space-based surveys (GAIA, Euclid) 



  

Catalogs: stellar catalogs

 Bonner Durchmusterung (1859 -1968)
 Henry Draper 
 Bright Star Catalog 
 GCVS
 USNO -A1,2; -B1
 PPMX
 Hipparcos, Tycho, ASCC   



  

Catalogs: BD family

BD: +90 - -2 (Bonner Durchmusterung), 

    324198 stars,  9m.5

SBD: -1 - -23 (Suedlicher Bonner Durchmusterung), 

    133659 stars, 10m.

CoD or CD: -22 - -90 (Cordoba Durchmusterung),  

     613953 stars, 10m.

CPD: -18 - -90 (Cape Photographic    Durchmusterung), 

     454875 stars, 9m.2



  

Catalogs: surveys & catalogs

Carte du 
Ciel

1920s refractors -90 - +90 15(B) AC,AC2000,
AC200.2

Palomar 
-NGS Survey, 
POSS I

1958 Palomar 
1.2m

-33 - +90 21(B)
20(R)

USNO-A2
APM POSS I
USNO-B

Palomar 
Quick -V 

1984 Palomar 
1.2m

+3 - +90 19(V) GSC, TIC

SERC 
Southern Sky 
Survey, 
SERC-J

1987 UK 1.2m -90 - -17 23(B) GSC, TIC, 
USNO-A, 
USNO-B

ESO 
Southern Sky 
Survey, 
ESO-R

1990 ESO 1.0m -90 - -17 22(R) USNO-A,
USNO-B

AAO Survey 1998 UK 1.2m -90 - -20 21.5(R) USNO-B

Second 
Palomar Sky 
Survey

1999 Palomar 
1.2m

-3 - +90 22(B)
21(R)
20(I)

USNO-B



  

Catalogs: galaxies

 New General Catalog 
 Index Catalog 
 Catalogs of interacting galaxies (Arp)
 Reference catalog of Bright Galaxies 

(RC3) 
 ESO/Uppsala survey



  

Catalogs: standards

 Survey-related  
 Reference systems (FK4, FK5, Hipparcos, 

Tycho, FK6)
 Photometric standards 



  

Libraries of stellar spectra

 Pickles spectral flux library 1998 
 ELODIE 
 MILES



  

Astrophysical data: track systems

   Iben (1966)
   Stahler & Palla (1993)
   D'Antona & Mazzitelli (1994) 
   Geneve group 
    Padova group http://stev.oapd.inaf.it/
    BASTI 



  

Libraries of stellar atmospheres

 ATLAS9 – Kurucz  
 NEXT 
 MARCS

http://kurucz.harvard.edu/grids.html



  

Catalog Example: FK6

 1999 – with the use of Hipparcos  
 878 “original” stars + 3278 stars
 Positions 
 Proper Motions 
 Radial velocity 
 Parallaxes 
 V magnitude 



  

Catalog Example: Hipparcos 

 New version – van Leeuwen, 2007  
 117995 stars
 Coordinates
 Proper Motions 
 Radial velocity 
 Parallaxes 
 Hipparcos magnitude
 Additional photometry 



  

Catalog Example: TYCHO-2 

 2.5 mln stars
 Coordinates
 Proper Motions 
 Radial velocity 
 Parallaxes 
 B,V magnitudes – Tycho system



  

Combine the data 



  

Data centers 

 Data centers  

 
 Observatory archives

 Mission Data Centers

 Data Centers with 
specialization 

 
 VO



  

Data centers: CDS  

 Simbad  ~ 7 mln. objects
 Vizier ~ 11,000 catalogs   
 Aladin   images
 Catalog service 



  

Data centers: ESO archive  



  

Data centers: NED at IPAC  



  

Data centers: Bibliographical database ADS 



  

Theoretical data: Millenium

A very large N-body simulation of the Universe (Springel et al 
2005).

To make predictions for galaxy evolution semi-analytic models 
can be run “on-top”. The Millennium database has two such 
models - from Bower et al (2006) and de Lucia et al (2006)/de 
Lucia & Blaizot (2007)
Contents:

Stellar masses, star formation rates, metal content, star
formation histories, assembly histories, dark matter halos,
predictions on observables such as absolute magnitudes.

http://gavo.mpa-garching.mpg.de/Millennium/



  

Theoretical data: Millenium

 SELECT *
             FROM millimil..DeLucia2006a
                 WHERE snapnum=63
                        AND mag_b BETWEEN -26 AND -18
                        AND stellarMass > 10

Some issues:
This table contains only 1/512 of the full Millennium 
simulation
- you can get access to the full one by registering.
There is a limit on the max number of rows and execution
time
Download is a bit awkward - but there are examples on how
to download straight to R/IDL and you can access it directly
from Topcat which might be the best option!



  

SDSS: Initial goals

 Broad-band combined photometric & 
spectroscopic survey for extragalactic 
studies   

 Extended to cover galactic plane (SEGUE)
 2.5m + 0.5m PT 
 5-band photometry 
 3600-10000 A
 Started 2000
 Periodical data releases



  

SDSS: Instruments



  

SDSS: Science



  

SDSS: Science

 14000 sq. deg 
 Galaxies and quasars survey    
 SN survey 
 Halo survey  
 BD search  
 DR9



  

SDSS: Data Processing

 Images, spectra → Fermilab 
 Data analysis → Instrument calibrartion 
 Data analysis → reduced images, spectra, 

catalog 



  

SDSS: Data Processing



  

SDSS: Data Processing



  

SDSS: Observing mode

 Images are taken in a drift-scan using a mosaic 
camera with five filters. Each scan is called a strip, 
but to cover gaps a second scan is made and the 
combination is called a stripe. The exposure time is 
~54s with ~73s between each filter

 The images are then analysed using a code called 
Photo and based on the measurements objects 
areselected for spectroscopy

 Spectroscopy is carried out the following season 
using a fibre spectrograph with 3” fibres covering 
3800Å-10000Å

 Spectroscopic data are analysed using two 
pipelines and imaging & spectroscopy is released 
to the public



  

SDSS: Results - DR7

● 5 band (ugriz) imaging of 11,663 sq. deg deg 

●  357 mln objects 
●  R~1800 spectroscopy covering 3800-9200Å for 
1,640,960 objects [929,555 galaxies, 121,373 QSOs, 
380,214 stars including 84,047 M and later]
● Stars with spectroscopy: log Teff, log g, [Fe/H]
● Main galaxy sample: r < 17.77 - also a QSO sample, 
Luminous Red Galaxies sample + stars & special 
objects
● Median seeing for images: 1.43” (50%: [1.3”, 
1.58”])



  

SDSS: Results - DR9

● 5 band (ugriz) imaging of 14,555 sq. deg deg 

●  932,891,133 objects 
●  Spectra: galaxies (1,457,002), quasars (222,468), 
stars (668,054)
● MS SQL Server 
● Stars with spectroscopy: log Teff, log g, [Fe/H], 
[α/Fe]



  

SDSS: Results - DR9



  

SDSS: Results - DR12

● 5 band (ugriz) imaging of 14,555 sq. deg deg 

●  932,891,133 objects 
●  Spectra: galaxies (2,401,952), quasars (477,161), 
stars (851,968)
● MS SQL Server 
● Stars with spectroscopy: log Teff, log g, [Fe/H], 
[α/Fe]
● Radial velocities 



  

SDSS: Photometric system
●  5 band (ugriz) – broad band
●  Atmosphere 1.3
●  AB system 
●  PT + SDSS main telescope 

Pogson

    mag = -2.5 * log10(f/f0)

   error(mag) = 2.5 / ln(10) * error(counts) / counts

asinh

    mag = -(2.5/ln(10))*[asinh((f/f0)/2b)+ln(b)]

   error(mag) = 2.5 / ln(10) * error(counts)/exptime * 1/2b * 100.4*(aa + kk * airmass) / sqrt(1 +     
[(f/f0)/2b]2)



  

SDSS: Magnitudes

                 Relationship to other photometric calibrations
                    The SDSS is a near AB magnitude system.
                       m

AB
 = 2.5 × (23 − log

10
 F [Jy]) − 48.6

 Offsets:
                       u

AB
 = u

SDSS
 - 0.04 

                        z
AB

 = z
SDSS

 +0.02

    http://www.sdss.org/dr7/algorithms/sdssUBVRITransform.html

 Example:
                    B = g + 0.3130*(g - r) + 0.2271
                    V = g - 0.5784*(g - r) - 0.0038
                    R = r - 0.2936*(r - i) - 0.1439
                     I = i - 0.3780*(i - z) -0.3974



  

SDSS: Data Flows



  

SDSS: Data Flows

Reduced images & 
spectra

Catalog



  

SDSS: Database Structure
Tables Views Functions

Cosmology 
Matching 
Masks
Dates
Coordinates
URLs
Neighborhood
Conversions



  

SDSS: Identification
●  ObjID – photometric detection
●  TargetObjID – specific objID for target selection
●  SpecObjID – spectroscopic identification 
●  BestObjID – ID for the current best data reduction 
●   Indixes 



  

SDSS: PhotoObjAll
●  Magnitudes (Petrosian, Model, Aperture,PSF)
●  Sizes (radii & moments)
●  Positions 
●  Shapes, orientations 
●  Images (links) 
●  Image quality

http://www.sdss.org/dr12/algorithms/flags_detail/



  

SDSS: SEGUE



  

SDSS: added-value & classification data

●  QSO catalogues (Schneider et al) & BAL-QSOs.
●  White Dwarf catalogues (Eisenstein et al)
●  Variable star catalogues from Stripe 82 & CV 
catalogues
●  Moving objects catalogues



  

UKIRT surveys

●  UK Infra-red telescope 
●  WFCAM
●  Large Area Survey, Galactic plane survey, 
Galactic clusters survey, deep extragalactic 
survey, ultra deep survey 
●  ZYJHK

http://surveys.roe.ac.uk/wsa/index.html



  

CFHT

●  Canada-Frence-Hawaii Telescope 
●  Mauna Kea observatory
●  MegaCam: 1 sq. deg 
●  Extragalactic surveys
●  ugriz



  

ESO Public Surveys (1) 

●  KIDS (1500 sq. deg., 25 g)  
●  ATLAS (4500 sq. deg, 22 g)
●  VPHAS+ (1800 sq. deg, 22g) 
●  VST 
●  ugri



  

ESO Public Surveys (2) 

●  VIKING (1500 sq. deg., 21 K)  
●  UltraVISTA, VHS, VVV, VMC, VIDEO 
●  VISTA 
●  ZYJHK


