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g-band stamp g-b+d model
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g-b+d residual g-ps model
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g-band stamp g-b+d model
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g-b+d residual g-ps model
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Illustris subhaloID: 290750, camera: 1, field matched to SDSS objID: 587733398111322320

g-band stamp g-b+d model
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g-b+d residual g-ps model
-21.5 7.5 1.95

g-ps residual science mask
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Introduction

http://skyserver.sdss.org/dr1/en/proj/advanced/galaxies/tuningfork.asp

Galaxies demonstrate diverse morphological structures



Goal: reproduce the observed properties & morphologies of galaxies

Vogelsberger+ 2014
Illustris Simulation

Introduction Hydrodynamical Simulations
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Figure 4. The mass-binned median integrated spectra from the
synthetic image catalog is shown. Each row represents the median
galaxy spectra from a bin of width �M⇤ = 0.01 dex. The inten-
sity of the NIR SED increases smoothly with increasing galaxy
stellar mass, while the low star formation rates of the least mas-
sive galaxies and quenching of massive galaxies is indicated via
low levels of UV emission.

Figure 5. Montage of two disk galaxies, respectively without a
bar (top) and with a bar (bottom), viewed from three di↵erent
viewing angles. The degree to which the observable strength of
the bar depends on viewing angle can be quantified, and be used
as a correction for visual classification studies.

established theory of stellar shell formation via major (Hern-
quist & Spergel 1992) and minor (Quinn 1984; Dupraz &
Combes 1986; Hernquist & Quinn 1988; Kojima & Noguchi
1997) mergers.

To identify the shell locations, we make monochromatic
images of these systems in the Johnson-K band (as a good
representation of the stellar mass) and apply an unsharp
mask procedure. In detail, we convolve the original image

Figure 6. Montage of a sample simulated disk galaxy in 6 bands
as labeled within the figure. Each image has been scaled indepen-
dently using an “asinh” scaling, with the non-linear transition
being set to the mean pixel intensity for that band. Bands in-
crease in wavelength from top left to lower right. UV bands are
strongly impacted by localized emission from young star particles.
Longer-wavelengths bands trace stellar mass faithfully.

with a two dimensional gaussian with a standard devia-
tion of 5 pixels. We then subtract the gaussian blurred im-
age from the original image, and discard all negative pix-
els to specifically highlight stellar light excesses relative to
the blurred image. The resulting masked image is shown
in Figure 8 using a logarithmic stretch. All high frequency
image contributions – including noise from the discrete par-
ticle representation of stellar mass – are amplified in the
masked image. As a result, the shells are more easily distin-
guished from the smoothly varying light component. Using
the masked images, we identify the stellar shells down to
fairly low galactocentric radii with ⇠3-5 shells being visu-
ally apparent in the systems at redshift z=0. Stellar shells
have been observed at low galactocentric radius using simi-
lar image masking techniques (see Canalizo et al. 2007, for
a detailed description). We have confirmed the presence of
low radii stellar shells by examination of a radial velocity
versus radius phase diagram.

The presence of multiple systems with layered stellar
shells in our cosmological simulation is of interest since the
majority of previous theoretical work studying the evolution
and characteristics of stellar shells formed via mergers has
been done either with idealized merger simulations (Quinn
1984; Hernquist & Spergel 1992; Dupraz & Combes 1986;
Hernquist & Quinn 1988; Kojima & Noguchi 1997; Canal-
izo et al. 2007) or with dark matter only cosmological sim-
ulations (e.g., Cooper et al. 2011). Since these systems are
realized here within the full cosmological context, we can ad-
dress some previously inaccessible questions, including: (i)
the origin of very tightly bound shells, (ii) the observability
lifetime of shells and other tidal features following merger
events, and (iii) the predicted frequency of visible shells in
the galaxy population. A deeper exploration into these top-
ics using the Illustris simulation and images presented here
is deferred to a separate, targeted study.
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Torrey et al. 2015
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Methods 

Key components:

r-band synthetic image

subhaloID: 312287
camera: 1

PSF convolution
+ Poisson noise insertion into SDSS sky

Galaxies from z=0 of the Illustris Simulation 
with SDSS Realism

Goal: derive galaxy properties consistently 
with observed galaxies



Bottrell et al. 2016, MNRAS submitted  
(email connor.bottrell@gmail.com for early access to catalogs) 

• Public catalogs of 2D parametric decompositions of Illustris 
galaxies with full SDSS realism (bulge+disc and pure sersic) 

• Processed with the same decomposition pipeline as 
catalogs by Simard et al. 2011 
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Size Luminosity Relation 

Illustris galaxies (red): larger, brighter, shallower slope for same masses
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Size Luminosity Relations of Discs/Spheroids 

Size-luminosity relation is sensitive to morphology
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In samples matched by mass and (low) redshift, Illustris is bereft 
of bulges where real galaxies have diverse morphologies  



Morphology Matched Size Luminosity Relation 

Morphology matching remedies broad differences in the 
SL relation, but is left with primarily the disc SL relation

B/T + stellar mass
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Photometric and Kinematic Bulge Fractions 
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Photometric and Kinematic Bulge Fractions 

Photometric B/T systematically lower than kinematic B/T derived 
from stellar orbits. Lower mass galaxies most strongly affected.
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New image-based comparison method for observed 
galaxies and hydrodynamical simulations 

Public Decomposition Catalogs and characterization 
of biases’ affects on structural measurements  
 
Bottrell et al. 2016, MNRAS submitted. E-mail 
connor.bottrell@gmail.com for early access to 
catalogs 

Difference in Size-luminosity relation driven by a deficit 
of bulge-dominataed galaxies in Illustris for galaxies 
with logM*<11 [Msun] 

Discrepancy between kinematic and photometric B/T  

Thank you

Summary 


