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Overview

Simulates images of galaxies, stars, noise, etc.
Origina”g clesignecl for Great® WL cha”enge.

Can draw using FETs, Photon shooting, or real

space convolution / renclering as aPProPriate.

Was designecl to ha\/e shapes accurate to 2e-4.

Has a Variet9 of oPtions for all aspects of the

renclering (PSF; galaxg Proﬁle, WCS, noise, etc.)




Code Design

Open source.

Moclular structure (easg to add new Features).
Abilitg to trade between sl:)ecd and accuracy.
Inturtive Pgthon Iager wraPPing fast C++.

Even more inturtive conﬁguration file interface.

All code reviewed bﬂ tgPicang 2 team members.




PSF Profiles

Gaussian

MoHat

Kolmogorov

Airy (with ol:)tional central obscuration)

OPticalPSI: (incl. Zernike to arbitrarg order,

obscuration, struts, or arbi’crarg spiclcr Pattern)

lnterpolatecllmage (arbitrarg image, e.g PSFEX)

4




Galaxg Profiles

Exponential
DeVaucouleurs

Sersic

lnterpolatecllmage (can usc ang PFOViClCCl image as

a starting Prome)

RealGalaxg (several available HST catalogs,
Proper|9 cleconvolving HST PSF)
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Transtormations

o Ang Proﬁle can be:

N shearecl

- dilated
- rotated
- shifted

- SCBICC

- added

¢ CONvVo

in flux
to another Proﬁle

ved with another Proﬁle

- deconvolved bg another Proﬁlc (FFT onlg!)
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Weak Lensing

e Realistic shear models
- NFWHalo model
o Cosmological (or other) PowerSPectrum

« Can sPecth E an B power spectra separatelg

These also include the corresponcling convergence
field so magniﬁcation and shear can be done

consistentlg.




Random Numl

 Can draw random numbers from:
UniformDeviate saml:)les from uniform distribution
GaussianDeviate 5am|:>|es from normal distribution
PoissonDeviate handles Poisson number counts
other more exotic distributions (binomial, chiz,
Weibull, gamma)
DistDevaite can use any arbitrarg (user—-Provided)
Probabilitg distribution

e "Random" numbers are deterministic given a seed, even

when splittingjob into multiple sub—jobs.




World Coordinate Sgstems

« Handles a variety of WCS transformations
PixelScale (the simple case of square Pixels}
JacobianWCs (arbitraxy local Jacobian defined bﬂ
du/dx, du/dg, dv/dx, dv/clg)

AHineTransform (Jacobian with an arbitrary offset)
FitsWCS (read standard WCS tgl:)es from FITS ﬁ'le)
UVFunction (any arbitrar9 function from (x)g) to
tangent Plane (u,v))

RaDeclFunction (an9 arbitrarg function from (x,g) to
(RA, Dec))




Rendering lmages

Most calculations are deferred until image IS

renclered.

Can use ei’cher FET or Photon shooting

Caveat: Pho’con shoo’cing doesn’t wor|< when cleconvol\/ing.

This includes RealGalaxg Proﬁles.
Can draw at arbitrarg Position n image.
Can Place Postage staml:)s n tiles or ranclomlg.

Can set Parameters that trade og accuracy vs sPeecl.




Chromatic Profiles

Chromatic is simplest case of a Proﬁle with a uniform
SED.

ChromaticAtmosPhere will applg the correct shift and
shear for DCR to a gi\/en (e.g. Kolmogorov) Proﬁ'le

ChromaticAirg Pro[:)erlg handles the A/D Parameter

across the bandpass.

ChromaticOPticalPSF Properlg scales the Zernike
coefficients with wavelength (in addition to /D).

Renders images bg integra’cing over Banclpass.




Noise Models

GaussianNoise
PoissonNoise

CCDNoise includes Poisson Plﬂoton noise (witl'l oPtional

gain) and Gaussian read noise.
VariableGaussianNoise (sigma different for each Pixel)
CorrelatedNoise

Can also whiten images to remove existing correlated

noise.




Detector Etfects

Bri ghterﬂcatter etfect

Currentlg has Gruen implementation of Anti!ogus et al
Craig Lage IS working on incorPorating his Phgsical

model tracking individual electrons.
Non»-linearitg

E‘clge distortion and tree rings could be modeled
with custom WCS, but nothing native currentlg.




Sha[:)e Measurement

e Includes HSM module for measuring slnapes of

galaxics.

l:inclAclaPtiveMom Pemcorms an aclaptive moments

measurement

EstimateShear accounts for PSF convolution
e KSB method
o Re-Gaussianization (Hirata & SCBak, 200%)

e “Linear" (H&S correction to Bernstein&Jarvis, 2002
method)




GalSim Demos

Demo scripts are in GalSim/ examples cﬂirectorg.

e demol.py ... demol3.py

e demol.yaml ... demoll.yaml
After insta”ing GalSim, you can run (or examl:)le)

e python demol.py

e galsim demol.yaml

Most features are in at least one demo scriPt.

Pgtlﬁon and YAML versions Procluce identical
output ﬁles.




Demol.py

import galsim

gal = galsim.Gaussian(flux=1.e5, sigma=2)
psf = galsim.Gaussian(flux=1., sigma=1.)
final = galsim.Convolve(gal, psf)

image = final.drawImage(scale=0.2)

noise = galsim.GaussianNoise(sigma=30.)
image.addNoise(noise)

file_name = 'output/demol.fits'
image.write(file_name)

Demol.yaml
gal :
type : Gaussian
sigma : 2
flux : 1.e5
psf :
type : Gaussian
sigma : 1
image :
pixel_scale : 0.2
noise :
type : Gaussian
sigma : 30
output :

dir : output_yaml
file name : demol.fits



O00 \ SAOlImage ds9

Flle Edit View Frame ' Zoom Scale Color Reglon WCS Analysis Help

File demol fits |

Object A |

value I

wCS 37.95 | 162 | |
Physical X | Y |

Image x| | Y |

Frame 1 X 2,000 | 0.000 | ° : :

file ] edit | view | frame bin | zoom scale | color | reglon wes I help I

- |+ | tofit | zoom 1/8 | zoom 1/4 [ zoom 1/2 ’ zoom 1 | zoom2 = zoom 4 | zoom 8 |




Demoll.yaml

eval_variables :
fpixel_scale : &pixel_scale 0.2
atheta : &theta 0.17 degrees
ftel_diam : &tel_diam 4
fexp_time : &exp_time 300
fimage_size : &image_size 1800
inobjects : &nobjects 288

psf :
type : InterpolatedImage

image : "data/example_sdss_psf_sky@.fits.bz2"
scale : *xpixel_scale

gal :
type : COSMOSGalaxy
gal_type :

type : List

items : [ 'parametric', 'real' |

index : { type : RandomBinomial, N : 1, p : 0.3 }
noise_pad_size : 11.3
index : { type : Random }
shear : { type : PowerSpectrumShear }
magnification : { type : PowerSpectrumMagnification }
rotation : { type : Random }
scale_flux :

type : Eval

str @ "(tel_diamk*2 / (2.4%x2%(1.-0.33%%2))) * exp_time"

stamp :
draw_method : no_pixel



image :
type : Scattered
size : ximage_size
nobjects : *nobjects
index_convention : @
noise :
type : Gaussian
variance : 5.0e4 # Total variance including whatever the symmetrize process needs.
symmetrize : 8
WCS :
type : Tan
dudx : { type : Eval, str : 'math.cos(theta.rad()) x pixel_scale' }
dudy : { type : Eval, str : '-math.sin(theta.rad()) *x pixel_scale' }
dvdx : { type : Eval, str : 'math.sin(theta.rad()) * pixel_scale' }
dvdy : { type : Eval, str : 'math.cos(theta.rad()) x pixel_scale' }
units : arcsec
origin : center
ra : 19.3 hours
dec : -33.1 degrees
random_seed : 24783923

nproc : -1
input :
cosmos_catalog :
dir : "data"

file_name : real_galaxy_catalog_example.fits
use_real : True

power_spectrum :
e_power_function : "data/cosmo-fid.zmedl.00.out"
units : radians
grid_spacing : 90 # arcsec

output :
dir : output_yaml
file_name : tabulated_power_spectrum.fits.fz



\ SAOImage ds9
File Edit View Frame Zoom Scale Color Region WCS Analysis Help

File tabulated power_spectrum fits fz
Object

Value 374735

fikS a|19:17:50537 § -33:.07:3273
Physical X| 1493500 Y 435000
Image X 1493500 |Y 435000
Frame 1 ' 0000 @ *

file i i frame i region

linear square root squared histogram




L55T~5Peciﬁc Features

e |SSTWCS

lﬂCIUClCS ‘(ﬂOWICCIgC O‘F Cl”llP Iagout as WC” as

exPectecl SIP comPonent of each chiP's WCS.

Currentlg in code review, will be in the next

release, version 1.4
Requircs a LSST-DM stack installation to use.
° Nothing else get.




Planned Features

e Chromatic RealGalaxg [#640]

Can ta|<e images from two or more observed
bands and simulate a ditferent band.

e Realistic Atmospheric PSF [#549]

Track Phase screen from multiple atmospheric

lagers using correct Fourier oPtics

e Bothare currentlg in code review.




Planned Features

o Phgsics—-based models of brighter/ fatter (#7221
Craig Lage IS working on incorporating his Phgsic&-
based simulation of the CCD silicon to imProve the
implementation of brighter/ fatter.

lntrinsica”9 Photomshooting methocl, but for FFT
me’chocls, we essentia”g draw the image and then
Photon shoot that.

For now, achromatic, but will add cl'wromaticitg.




Planned Features

e Model of LSST PSF [#556]

g SPicler Hattern
. Reference values for aberrations.
° APProximate rms values of aberrations.

- Model of how theg will vary (correlatecl‘?) across the
field of view.

- Election diffusion in CCD




Planned Features

Chromatic photon shooting [#540]

Add chromatic options to config module [#510]
Proper field dependence of aberrations [#716]
Vignetting, non-uniform QE [#553]

Extinction, opacity [#541, #550]

Realistic galaxg Promes from hgclro simulations

[#669]




Planned Features

° Automatic:a”g chose FFT for bright objects and
Photon shooting for faint objects [#209]

¢ More image artifacts
© cosmic rays
+ saturation
- bad/hot PiX, columns, etc.
- cross-talk

o charge transter inelcﬁciencg

e | ots more: htkps: // gitl’xub.com/ GaISim~cleveloPers/ GalSim/issues
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