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What we need?

DEFINING THE PROBLEM

TEORETICAL PREPARATION

MAKING THE' MODEL

COMPARATION OF RESULTS OF THE MODEL

WITH OBSERVATIONS
* MAKING THE SAMPLE (USE OF DATABASES OR OBSERVING)
* ANALYSYS OF THE RESULTS
* PUBLISHING THE RESULTS



WHAT IS VO

" It 1s a global project

" Large numbrer of computers involved

" Superclcuster for grid computing

" Access through internet



What are supercomputers today?

What 1s grid computmg‘?

Computer cluster=%

The 1dea for the VO came out from grid computing

GRID — analogy for electrical grid system



Member Organizations

http://ivoa.net
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VO tools (alati)

= Stand alone = Web based
" Aladin = Cassjobs
" Splat = Aladin
= VO Plot

*“Open sky query
" Topcat .

" Google Earth/sky



How to aproach the problem

" Defining the problem
" Theoretical preparation
" DATA (XML, ASCII, VOT)

" Defining the criteria for making a sample
" Making a search (SQL query)

" x-matching

" Visualization — analysis — filtering

" Grouping / clustering

" Making conclusion from results



Modeling
Making the model

Synthesis of artificial data from the model
Analysis

" the parameter space and finding the which changes
of parameters make a big mmfluence

" Approximations
" Reducing the number of parameters

" Analysis of the correlations between parameters

RGN






Some key astronomy problems

* Some key astronomy problems that can be addressed with data
mining techniques:

* Cross-Match objects from different catalogues

 The distance problem (e.g., Photometric Redshift estimators)

« Star-Galaxy Separation

 Cosmic-Ray Detection in images

* Supernova Detection and Classification

 Morphological Classification (galaxies, AGN, gravitational lenses,

)

* Class and Subclass Discovery (brown dwarfs, methane
dwarfs, ...)

 Dimension Reduction = Correlation Discovery

* Learning Rules for improved classifiers

* Classification of massive data streams

 Real-time Classification of Astronomical Events

* Clustering of massive data collections

* Novelty, Anomaly, Outlier Detection in massive databases



* General data mining software packages:
- Weka (Java): http://www.cs.waikato.ac.nz/ml/weka/

-  Wekad4Ws (Grid-enabled):
http://grid.deis.unical.it/wekadws/

- RapidMiner: http://www.rapidminer.com/

* Astronomy-specific software and/or user clients:
* VO-Neural: http://voneural.na.infn.it/
« AstroWeka: http://astroweka.sourceforge.net/
* OpenSkyQuery: http://www.openskyquery.net/
 ALADIN: http://aladin.u-strasbg.fr/
«  MIRAGE: http://cm.bell-labs.com/who/tkh/mirage/
 AstroBox: http://services.china-vo.org/

* Astronomical and/or Scientific Data Mining Projects:
* GRIST: http://grist.caltech.edu/
* ClassX: http://heasarc.gsfc.nasa.gov/classx/
 LCDM: http://dposs.ncsa.uiuc.edu/
* F-MASS: http://www.itsc.uah.edu/f-mass/
* NCDM: http://www.ncdm.uic.edu/
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* The key steps in a data mining project usually
iInvoke and/or follow these basic concepts:

- Data browse, preview, and selection

- Data cleaning and preparation

- Feature selection

- Data normalization and transformation
- Similarity/Distance metric selection

- ... Select the data mining method

- ... Apply the data mining method

- ... Gather and analyze data mining
results

- Accuracy estimation
- Avoiding overfitting




* Data Previewing allows you to get a sense of the good,
bad, and ugly parts of the database

* This includes:
- Histograms of attribute distributions
- Scatter plots of attribute combinations
- Max-Min value checks (versus expectations)
- Summarizations, aggregations (GROUP BY)
- SELECT UNIQUE values (versus expectations)
- Checking physical units (and scale factors)
- External checks (cross-DB comparisons)
- Verify with input DB



* Data Preparation can take 40-80% (or more) of the effort in
a data mining project

* This includes:
- Dealing wit
- Dealing wit
- Dealing wit
- Dealing wit

N NULL (missing) values
N errors
N noise

n outliers (unless that is your science!)

- Transformations: units, scale, projections
- Data normalization

- Relevance analysis: Feature Selection

- Remove redundant attributes

- Dimensionality Reduction
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" Probelem: OIII (4959,5008) emission line ratio
- over type and age of galaxy

" Collecting the data
" Theoretical part
" Filtering clustering the data

" Analysis



Ligth from the galaxy :

Stars (different ages, geometries and kinematics,
star formation history, chemical evolution...)

Gas (different densities...)
Dust
AGN (if there 1s any 1n galaxy)

Emission from different types of processes (like
shock waves, explosion, supernovae...)



How to make a BPT diagnostic diagram

log [OI1]/HB

1 L I 1 [ L 1 l 1 Il 1 1 | 1 L 1 L L L
=l -0.5 0 | -0.5 0
log [NII]/Ha log [NII]/Ha

select (log(F 5007)/log(F 4B61)) as 03Hb, (log(F 6584)/log(F_6563)) as N2Ha from
(select L5007.=synlIl, t5007.flux as F 5007, t5007.=n as 2N 5007,
t4861.flux a5 F 4861, t4861.sn as SN 4861,
te563.f1ux as F 6563, tb563.sn as SN b5E3,
te5B4d.f1lux as F 6584, t658B4.sn as EN 6584
from =1 fit as= £5007, =Y fit as t4B61, el fit as tG563, el fit as t65H4
where t5007.id line = 5007 and t4861.id line = 4861 and £6563.id line = 6563 and £65B4.id line = 6584 and
t5007.synID = t4861.synID and t5007.synID = t6563.synID and t5007.synID = t6584.synID) a= e
where 8N 5007 > 3 and 2N 4861 = 3 and 8N 6563 > 3 and SN 6584 > 3 and
F 500F = 0 and F 4861 > 0 and F 6584 > 0 and F 6563 >




" Links:
" http://casjobs.sdss.org
" http://www.openskyquery.org/Sky/SkySite/OSQForm/default.aspx

" Query OpenSkyQuery:
Go to ADVANCED QUERY.

" make query and save as file: OIIl.xml

SELECT o.0bjid, o.ra, o.dec, o0.g, s.height, s.sigma, s.wave, s.restWave
FROM
SDSSDR3:PhotoPrimary o, MyData:SDSS C4 BCG t,
SDSSDR3:specline s

WHERE XMATCH(o, t) < 3.5 AND o.specobjid = s.specobjid AND s.linelD =
5008

for others just chage 5008 with:

4863 save as file: Hb.xml; 6585 save as file: NII.xml; 6565 save as file: Ha.xml



Get all data with one query

SELECT o.0bjid, o.ra,
o.dec, o.g, s.height,
s.sigma, s.wave, s.restWave,
s.linelD
FROM
SDSSDR6:PhotoPrimary o, TWOMASS:PhotoPrimary f,
SDSSDR6:specline s
WHERE XMATCH(o, t) < 3.5 AND
0.specobjid = s.specobjid AND
(s.lineID = 5008 OR s.lineID = 4863 OR s.linelD = 6585 OR s.linelD = 6565)



" Merge Tables

" Now we will use the Starlink Topcat tool to merge
the tables into one table with all the information we
need to create the diagnostic diagram. On my linux
machine, I start Topcat with the following
command. This will vary slightly with platform

= $>topcat [a-z]*.xml

File Table¥iews Windows 1u|ns Help

BEREPECRENCIEICIOLS

Table List §§ Current Table Properties

1: Haxml Label: (Ha xml

.._. Hb. ‘-.l"| Location: Haxmil
3: NiLxmil ;; Name:

4: OllL.xml Rows: 745
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| osomomer > | ]
Row Subset: | All «
Activation Action: |




‘Column Metadata
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OIII/Hb: log(($6*$7)/($26*$27))

NII/Ha: log(($47*$48)/($67*$68))
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Another practical example using VO

STARLIGHT + SDSS
700k

BPT
AGN
SK
[OI111]4959,5008



Intensity

Theoretical Background

A 4958.911 A (2s2 2p? 'D, - 2s2 2p? *P,)

1 [OlIl] 5006.843 / 4958.911
|
30 - | _F:.,
200+ |I E
- o ---"’f‘;.lllh- e I~-hg : S

afll  arkl  4AR00 4850 4905 AUST SO0 SUSE R0
Wavglength {R}

A 5006.843 A (2s2 2p? 'D, - 252 2p? °P,)

500
=12.98 (storey & Zeippen 2000)
410 4 f

00
100 - {1

i i ]
i i i i
% [ S N N

! I ! I ! I ! | ! | ! I ! I ! 1
4800 4820 4840 45950 4830 S0O0 5020 5040 SOG0
Wavelangth [A)






|
F

I

z
ta)
2




STARLIGHT Synthesis "
Code ‘

1019.52707.261 .cxtsc2.C03.im.BS

4020

x, [%] @ A

Starlight synthesis output

¥ = 070464 (289G)

adev - 1.6B4 ¥ - 1/60.129

S/N = 934

A, 0.4881

v

o= 132,00 km/= & v,- 3338

Parameters for 1019.52707 261 .cxt.sc2,C03.im.BS
IAU Name SDSS J121409.46+543136.6 Base  Basebc03.S
RA 183.53944336 DEC  54.526839066 -
chi2 0.7046 adev 1.58
v0 334 vd 1321 ¢
SN_w 767 Mcor_gal 90771 . |
RedLaw ccM AV 0.496 il b o 1B, 1%
at_flux 7.5856 at_mass  9.9914 s o o
am_flux 05132 am_mass  0.9412 2 i
SDSS parameters table (7)
z eClass m_u m_g m_r m_i m_z fm_u fm_g fm_r fim_i

0.008144 0.373874 15.99392 16.23726 15.62477 15.60672 15.40808 15.77365 15.15583 14.75961 14.72063
fm_z Mu Mg Mr Mi Mz SB_50_r CI_r petrorad_r petroR50_r
14.43532 -16.75155 -16.4915 -17.10905 -17.11978 -17.31842 17.33306 2.10169 1.76766  0.89347

peiroR90_r expAB_r deVAB r D DA R50 R%90 DL log L. Mr_fiber log 1._fiber
1.87779 0.62251 0.6004 34.81588 0.29596 0.14959 0.3144 35.09943 8.69162 -17.97421 9.03768
Mz_fiber log L. fiber_z petrorad_z petroR50_z petroR90_z DA z 250 790
-18.29118  9.10847 1.77379 0.89732 1.86632 0.29698 0.15024 0.31248
Emission line measurements for 1019.52707.261.cxt.sc2.C03.im.BS

El CentralW1 LowBlueCon UppBlueCon LowRedCon UppRedCon Flux FluxErr EqWidth EqWidthErr VelDisp VelDispErr Displ DisplErr SN ConFlux ConFluxE
[OI]3727 372742 3653 3713 3741 3801 -999 -999 -999 -099 -999 -999 -999 -999 0 361464 12.35
elll]3869 3869.06 3845 3860 3900 3920 504028 50.193 1442 0.123 166.546  9.828  -70.235 O.828 R.762 412.038 4.694
Hdelta 4101.73 4050 4080 4120 4150 1426.042 47221 3418 0.133 120.636 2917 7.849 2917 27.107 417.163 8.573
Hgamma 434046 4300 4330 4385 4450 2870216 4353 7824 0.171 120.636  1.335 7.849 1335 356507 366.834 5.792
[OII]4363 4363.21 4300 4350 4385 4450 -999 -999 -999 -999 -999 -999 -999 -999 0021 349545 21.673
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A galaxy modeled with STARLIGHT

full spec (4000 25 ages x 6 Zs
pixels) = 150 BCO3
SSPs



Residual spectra




Gas: Emission line fitting code
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Emission lines — diagnostic diagrams

log [OIIJAS007 /HB

-1 -1 -05
log [NII]A6584/Ha




Diagnostic Diagrams: Gas physics
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Dissecting galaxy spectra: stars +

Emission
lines
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Using 40422
objects from
SDSS, with
BPT we
separated:

filter: SN > 12
(@ [OI11] Emission

Lines

OIII intensity ratio
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Using 40422
objects from
SDSS, with
BPT we
separated:

filter: SN > 12
(@ [OI11] Emission

Lines

OIlFintensity ratio
for:

LINERs 97 = 3.00
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Star fomation hystory over Olll intensity ratio
for different types of galaxies
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SF (31255) = 3.02 + 0.22
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Results
Before:

Dimitrijevic et al. 2007 > for 62 AGN spectra, from SDSS
Syl ¢4 = 2.993 £ (.014

41044 yyjecid iduid s DS

SF 31255 = 3.02" L0722

Sy2 wss=3.02+021
LINER 97 = 3.00 £ 0.31

All objects @1044) = 3.02 £ (.22
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Thank you for attention
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