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Matching Data and Models in the VO

e Spectral analysis with MOPED
* Atypical observer?
* Results that used the VO

— Calculating average metallicity over the sky
— Identifying modelling problems
— Simultaneous Queries



Galaxies: a basic inventory

Stars:
young populations
old populations
metal rich
metal poor
Dust
In star forming regions
...and all over galaxy
Other

AGN, jets, dark matter

Aim: Determine stellar populations to unlock
a galaxy’s star formation history.



Understanding stellar populations
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Working with Galaxy Spectra

Emission lines give
< Information on current

(7 I I I I I )

i | | | | star formation, but tell us
Lol b nothing about the history
0.8 [ = - _

i Continuum shape can

- ~ reveal generics of
0.6 - .

- populations, and perhaps

[ + ] a mass to light ratio.
0.4+ 7
0oL " _ Spectral features can

I " help reveal the average
000 e . . . 1 ™~ metallicity when stars
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Problem: Pixels vs. Parameters
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A spectrum may have
3000 pixels — but it
could be that they
simply describe one
parameter.

Using x? the operation is
expensive — calculations
involve all these pixels.

Perhaps the same
information could be
contained in some
compressed version of
the spectrum?



How does MOPED solve this?

Massively Optimized Parameter Estimation and Data Compression

Short version:

* Pick the pixels which tell you most about the parameters you
wish to extract from the data by computing partial derivatives u

* Create a weighting vector, b, for each parameter which gives a
projection y (a scalar) of the dataset X.

* y_=b_.X » t
b C “’,m o Zq 1 ( Ny b )b
\/ufmC‘lu,m — N, bg)?

* If modelis good, then these y numbers encapsulate all the
information about the parameters — the compression is lossless

 Can use these y values to determine likelihood of a parameter

set, rather than x — hence computation time o N arams NOT N i

Long version: Heavens et al. 2000, Reichardt et al. 2001, Panter 2005.



Fisher matrix analysis...

How can we tell whether compression scheme is

0°1n L

Examine the Fisher matrix:
F.3z =
g 00,00 ;

Curvature at peak

MOPED Faf = Full Fo8

Perfect Compression




What?

General method to fit model parameters to data quickly

Noisy Data = Model(Parameters) + noise

—31006pixelsse1060-—catettations7tria

MOPED: 3 parameters so 3 calculations / parameter set trial



Potted MOPED process

Galaxy
Spectrum

Star Formation
Fractions,
Metallicities, Dust

MOPED

algorithm

Dust Model




MOPED for an Individual Spectrum
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Redshifts

Star Formation
Fractions,

Metallicities, Dust

Luminosities

Post Processing

Processing

Volume
corrections

Star
Formation
Histories

Local Stellar
WERS
Function

Model
Comparisons

Cosmic Star
Formation
Rate Density

Mass Build
Up History

Cosmic
Metallicity
History
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Mass Function of Galaxy Stellar Mass

¢ = (6x1) x 107% h® Mpc™

M* = (5.02+0.06) x 10" h™2 Mg,

a = —1.148+0.003
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Tresse & Maddox 1998; Gallego et al. 1995), (red) sub-mm (Flores et al 1999; Barger et al.
2002; Sadler et al. 2002; Serjeant et al. 2002; Machalski & Godlowski 2000; Haarsma et al.

that paper. The points have also been corrected for the minor difference in cosmology between that work and this paper, and shifted downwards by 0.25 dex to
convert from the Salpeter to Chabrier IMF as indicated by the arrow in the top left. The Hopkins (2004) points are coded as follows: UV indicators (Giavalisco
et al. 2004; Wilson et al. 2002; Massarotti et al. 2001; Sullivan et al. 2000; Steidel et al. 1999; Cowie et al. 1999; Treyer et al. 1998; Connolly et al. 1997; Lilly
et al. 1996; Madau et al. 1996)(dark blue) OII, H-a and H-3 emission (Teplitz et al. 2003; Gallego et al. 2002; Hogg et al. 1998; Hammer et al. 1997; Pettini
et al. 1998; Pérez-Gonzilez et al. 2003; Tresse et al. 2002; Moorwood et al. 2000; Hopkins et al. 2000; Sullivan et al. 2000; Glazebrook et al. 1999; 1999; =T
2000; Hughes et al. 1998) (green), x-ray and radio (Condon et al.

2000; Condon 1989; Georgakakis et al. 2003)(light blue).
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Virtual Observatory Interaction

e SDSS dataset (far more than spectra) and
MOPED results already in SQL

e MOPED results will be released to the Virtual
Observatory via AstroGrid

Model

Comparisons
Redshifts Volume
corrections

Cosmic Star

Galaxy

Spectrum

Stellar Model

Formation
Star Formation Star Rate Density
MO'.)ED Fractions, Processing Formation
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Not the only show in t
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A Typical Observer?

Typical Atypical
e Want to link to lots of  © Not that interested in
other datasets single objects
- Happy to use other * Create big datasets
people’s tools! * Require lots of theory
input

* Big CPU requirements

For big lists, VOTable perhaps not the best data format?



VO Case Study 1: Calculating the
average Metallicity over the Sky

* Use Healpix to divide
the sky

* Upload to SQL table,
determine healpixid of
every galaxy

* Group by cropped
healpixid for various
grids

* Use SQL query to assign
average metallicity

Help from Gerard Lemson, Nigel Hambly http://healpix.jpl.nasa.gov/
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So why did we use the VO?

Change the parameters
* Early Type
 Massive Galaxies

* LRGs

* Change the redshift
* Colour cuts

* Plot something other
than metallicity

e Cross Correlate with
other data sets




GAVO Interface, MPE

o4 DB Query Form - Mozilla A=
b File Edit View Go Bookmarks Tools Window Help

v Bﬁ’ck - '& - R;%ad :‘QE |<2& http:HgavowsZ‘xraympempg.de:8080pﬂ 2. Search ﬁt A I D L> re S u It = q u e ry_Sq I_St r(
7 4kHome | wpBookmarks £ mozila.org £ mozilaZine £ mozdev.org £ Query MOPED SGL 1 * . |
= : select * from agebin')

Gl :\

select * From agebin

Execute Query
Clear all
Help

Millennium

Maximum number of rows to return to the query form: | 10

Frevious gueries ;| select * from agehin k]

Reformat CsY =l

This button wil attempt to start up WOPRIot within an applet, so that the current result can be explored
_ . graphically. This clearly requires that the browser has been configured for viewing applets
i Plot (WOPof DISCLAIMER Thig functionality has heen partially tested only. Any problems are our responsibility, not
YOPIot’s
It seems that the applet does not work praperly with Kongueror.

Execution time (in millisec) = 2 .
Mumber of rows retrieved from database = 22 (Maximum # = 10000 Munlch

|runid binld minAge  maxAge  cenAge
13 o 0.00965843 0.02 0.0138985 7016176E-4 00014536649 00010098685

13 1 0.02 00414144 0028786 00014536643 00030134656 00020927635 Edinburgh

13 4 0.0474144 | 0.0G3758  0.05359994 0.0030134656 00062542766 0.0043404135

13 3 0.085758 0177581 0123406 00062542786 0013071226 0.009017363

13 4 0177581 0367721 0255533 001301226 0027212301 0016500333

13 2 0.367721 07614468  0.52915 0027212301 0057538316  0.033432503 ll
e [1 o= [wifer|

In collaboration with Gerard Lemson




VO Case Study 2: Identifying
Modelling Problems

Missing Ingredients:

* Alpha enhancement
— Models available

* Variable abundances
— Infancy

UV Continuum

* IR Continuum

Instrument problems

e Skylines?

* Dichroic problems?
* Bad pixels?

Need to be able to separate these issues!



ldentifying Modelling Problems

Use SQL to identify
correct sample

Split by

— Colour

— Mass

— Star Formation History

Determine average
residual

Plot and identify
features




frequency

VO Case Study 2: Identifying

Modelling Problems

* Must distinguish between Atmosphere/Instrument and Galaxy!

— \Very tight redshift range for crisp observed frame
— Wider range of redshift to smooth observed frame
— Subtract rest frameresiduals of one from the other

redshift

Panter et al. 2007



normalised flux

ave data—fit / error ave data—fit / error

ave data—fit / error
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Where do the models fail?
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Feedback to modellers using VO?
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Uniform Model Format — VO?

Varying theoretical models Dust
Models

* Finding what models are available

« Tracking down the paper and SR

data
* Understanding the data format

i MOPED
* Running the code
1.0000 3
SPEED GALAXEV
0.1000 E
0.0100 E
0.0010F E
2853 :
. BC97 Maraston (RHB)

0.1000 E:
0.0100 E:
0.0010 E:
0.0001 E,

0.01 0.10 1.00 10.00.01 0.10 1.00 10.00.01 0.10 1.00 10.00



VO Case Study 3: Simultaneous
Queries

MOPED/SDSS

Calculate contribution from each
galaxy

Split galaxies by mass

Determine average mass buildup

Millennium

Calculate mass build up
Identify Halos

Determine average mass build up
and assembly history




High z Information, Low z Sources

iISFR — High redshift sources

give information at high
redshift

Not many galaxies, diverse
surveys

SFH — Low redshift sources give
information at high redshift

Many galaxies, already in VO!




Co

mparing Data and Theory using VO
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Conclusions

MOPED provides another dataset
for the Virtual Observatory

Easy to make indirect comparisons
— Metallicity Maps
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— ldentifying Modelling Issues
Simultaneous Surveys

Would be great if the (theory)
ingredients were in the VO
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