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Matching Data and Models in the VO

• Spectral analysis with MOPED

• A typical 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

z=0

Antonio Aparicio

z>0



Working with Galaxy Spectra
Emission lines give 

information on current 

star formation, but tell us 

nothing about the history

Continuum shape can 

reveal generics of 

populations, and perhaps 

a mass to light ratio.

Spectral features can 

help reveal the average 

metallicity when stars 

formed, and perhaps their 

mean age
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Data



Problem: Pixels vs. Parameters

A spectrum may have 
3000 pixels – but it 
could be that they 
simply describe one
parameter. 

Using c2 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?

Short version:
• Pick the pixels which tell you most about the parameters you 

wish to extract from the data by computing partial derivatives m
• Create a weighting vector, b, for each parameter which gives a 

projection y (a scalar) of the dataset x.
• ym=bm.x

• If model is 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  nparams not npixels

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

Massively Optimized Parameter Estimation and Data Compression



Fisher matrix analysis…

How can we tell whether compression scheme is 
useful?
Examine the Fisher matrix:

Curvature at peak

MOPED Fab = Full Fab

Perfect Compression



What?

General method to fit model parameters to data quickly

Noisy Data = Model(Parameters) + noise

c2

1000 pixels so 1000 calculations / trial

MOPED: 3 parameters so 3 calculations / parameter set trial

MOPED c2



Potted MOPED process

Galaxy 
Spectrum

Stellar 
Model

Dust Model

Star Formation 
Fractions, 

Metallicities, Dust

MOPED 
algorithm



MOPED for an Individual Spectrum

4000 Å break

11 Ages
11 Met
1 Dust
23

t < 1 min

Can perform analysis on 300,000+ galaxies

Age

SFF



Post Processing
Model 

Comparisons
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Processing
Star Formation 
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Mass Function of Galaxy Stellar Mass
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Cosmic SFR to z~2 from z~0.1 sources (DR3)



Virtual Observatory Interaction

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

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

Model 
Comparisons
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Rate Density

Cosmic 
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Processing
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Redshifts

Luminosities

Mass Build 
Up History

Local Stellar 
Mass 

Function

Star 
Formation 
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Volume 
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algorithm



MOPED2 (Mathis 06)

STARLIGHT (Cid 
Fernandez 05)

BLV (Nolan 06)MOPED (Panter 03)

VEPSA (Tojeiro 07) STECMAP (Ocvirk 03)

Not the only show in town…



A Typical Observer?

Atypical

• Not that interested in 
single objects

• Create big datasets

• Require lots of theory 
input

• Big CPU requirements

Typical

• Want to link to lots of 
other datasets

• Happy to use other 
people’s tools!

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

http://healpix.jpl.nasa.gov/Help from Gerard Lemson, Nigel Hambly



Metallicity and Environment



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

• Cross Correlate with 
other data sets



GAVO Interface, MPE

IDL> result = query_sql_str(
'select * from agebin')

IDL

GAVO

MOPED SDSS Millennium

Munich

Edinburgh

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 

• Skylines?

• Dichroic problems?

• Bad pixels?

Models

Observations

Comparison Method

Need to be able to separate these issues!



Identifying Modelling Problems 

• Use SQL to identify 
correct sample

• Split by
– Colour

– Mass

– Star Formation History

• Determine average 
residual

• Plot and identify 
features



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

Panter et al. 2007redshift
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Where do the models fail?

Average

Tight z

Wide z

T - W

Panter 2007



Feedback to modellers using VO?

(Cheating)

But can we do all 
of this in the VO?



Uniform Model Format – VO?

Varying theoretical models

• Finding what models are available

• Tracking down the paper and 
data

• Understanding the data format

• Running the code MOPED

Data 
Spectra

Stellar 
Models

Dust 
Models

PGos3?



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

z

iSFR – 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!

z



Comparing Data and Theory using VO

(Cheating)



Mass Build Up – Comparison to Millennium

In collaboration with Jeremy Blaizot



Conclusions

• MOPED provides another dataset 
for the Virtual Observatory

• Easy to make indirect comparisons
– Metallicity Maps

– Identifying Modelling Issues

– Simultaneous Surveys

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

• Not all observers do cone searches!




