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Outline
● Overview of simulation framework
● What goes into an instance catalogue?

● Examples
● How I've made catalogues out of DES mocks, 

and run phosim over them. 
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How the sims work

Simulation mocks

Sql database

Catsim creates 
instance catalogue 
from database

Phosim makes 
images from 
instance catalogue

Opsim info 
about visit

3 Debbie Bard   -   DESC Collaboration Meeting   -   Pittsburgh 2013



  

Simulation mocks

Sql database

Catsim creates 
instance catalogue 
from database

Phosim makes 
images from 
instance catalogue

Opsim info 
about visit

4 Debbie Bard   -   DESC Collaboration Meeting   -   Pittsburgh 2013

How the sims work



  

Galaxy database

● Simple mysql routine (+ example data) you can 
download from the DESC guithub:

● https://github.com/DarkEnergyScienceCollaboration/ImageSimulationRecipes
 

● In principal, it doesn't matter where you put the 
database. You can query from wherever using 
the catsim code. 
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Opsim
● You can download the opsim DB from here (about 1.5GB):

● http://opsimcvs.tuc.noao.edu/runs/opsim3.61/opsim3.61.html 
● http://opsimcvs.tuc.noao.edu/runs/opsim3.61/output_opsim3_61.sql.gz 

● Use 2nd link (unzipped) to create opsim db using:
● mysql -p databasename < output_opsim3_61.sql

● or, if you're logged onto a remote mysql server (e.g. at ncsa):
● create database MyUsername_opsim;
● use MyUsername_opsim;
● source output_opsim3_61.sql;

● Use this to query db to find visits:
● select obsHistID from output_opsim3_61 where fieldRA between 

1.18 and 1.20 and fieldDEC between -0.7 and -0.67 and filter="r" 
and airmass between 1 and 1.1 and seeing between 0.6 and 0.7;
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catsim

● Catsim has easy interface to the sims database 
(and your own), which you can use to make 
catalogues for input to phosim, or for your own 
edification. 

● This is somewhat more involved, I can give a 
demo if you want...

● measures/test/runCat.py gives instance 
catalogues that have the correct format for 
using as input to phosim...
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phosim instance catalogue

● OpSim observation information:
From https://dev.lsstcorp.org/trac/wiki/IS_instance_catalog 
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phosim instance catalogue

● Object information:

12 Debbie Bard   -   DESC Collaboration Meeting   -   Pittsburgh 2013

From https://dev.lsstcorp.org/trac/wiki/IS_instance_catalog 

https://dev.lsstcorp.org/trac/wiki/IS_instance_catalog


  

13 Debbie Bard   -   DESC Collaboration Meeting   -   Pittsburgh 2013

phosim instance catalogue

● example:



  

Galaxy parameterisation

● Galaxy location
● Mag normalisation (AB magnitudes at (500 nm)/(1+z) )
● SED
● Redshift
● Shear params (if any)
● Object type (Gaussian, Sersic2D, sersic3D, fits image)
● Dust model
● Old document detailing this: 

● http://basov.physics.purdue.edu/lsst_sims/inputoutput.pdf 
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Simulating galaxies
● Draws photons randomly over time from source

● Extended source (gaussain/sersic): chose r/theta randomly from 
PDF. 

● 'truth' fits image of galaxy: 2d PDF of finding a photon in a given 
pixel. Allows for arbitrary rotation and scaling 

● Wavelength chosen by randomly sampling the wavelength 
probability constructed from the SED. 

● Flux is based on 500nm AB mag: total # photons calculated by 
prob. (from SED) of finding a photon at that wavelength, 
modulated by poisson sampler. 

● Shear applied by distorting photon positions. 
● Magnification is (currently) just an addition, not cosmological 

magnification from shear params. 
http://basov.physics.purdue.edu/lsst_sims/phosim_peterson_080213.pdf 
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SEDs
● SED file: flux units (ergs cm-2 s-1 A-1 per wavelength 

bin. 
● I don't see any reason why you should not supply your 

own SED files, if they comply with this format. 
● It would be harder to use a different format, but a 

conversion could be incorporated into the phosim 
framework with some work. 

● Currently have 960 zipped galaxy SED files: 37 MB. 
● If it gets much larger, this causes real problems for 

running phosim (disk I/O)
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Example instance catalogues

● Gaussian

disk
bulge

Bulge + disk
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● Sersic 2D

bulge
disk

bulge

Bulge + disk
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● Fits file
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My new galaxy catalogue

● Using DES mocks from Risa Wechsler
● contains both galaxy clustering and lensing 

parameters. 
● single-exposure depth (i-mag~23.5) 

● Take cosmology from these catalogues
● i.e. galaxy locations and shear parameters

● Take other quantities from existing galaxy 
database, based on Millenium mocks (See 
Simon's presentation for validation details). 
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In a phosim instance catalogue, I need:

● Galaxy location
● Mag normalisation (AB magnitudes at (500 nm)/(1+z) )
● SED
● Redshift
● Shear params (if any)
● Object type: I've used Sersic2D
● Dust model
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● Galaxy location
● Mag normalisation (AB magnitudes at (500 nm)/(1+z) )
● SED
● Redshift
● Shear params (if any)
● Object type: I've used Sersic2D
● Dust model

From DES catalogues

Other quantities I take from existing galaxy Millenium mocks. 
Magnitude is the obvious missing element. 
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● Galaxy location
● Mag normalisation (AB magnitudes at (500 nm)/(1+z) )
● SED
● Redshift
● Shear params (if any)
● Object type: I've used Sersic2D
● Dust model

From DES catalogues

Other quantities I take from existing galaxy Millenium mocks. 
Magnitude is the obvious missing element. 

This requires two 
entries in instance 
catalogue, one for 
bulge, one for disk. 
Complications for 
matching magnitudes 
from mocks! 
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Procedure
● Bin DES and Millenium mocks in redshift
● Take one galaxy from DES mocks
● Chose a galaxy from Millenium mocks in the same 

redshift bin, at random. 
● Use bulge+disk components, or disk only. 

● Write out new catalogue entry containing 
ra/dec/z/shear from DES mocks, other params from 
millenium mock. 

● Upload that catalogue to a database.
● Draw an instance catalogue using catsim.
● Run it through phosim.
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Looks pretty good:
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Potential difficulties: 

● SEDs I presume would be easy enough to 
generate
● Given infinite disk space...

● Galaxy morphology
● Bulge+disk colours? 
● Dust reddening parameters? 

● Longer-term: 
● how to incorporate realistic galaxy morphologies 

(blobby)? 
● Galaxy colour gradients? 
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