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Galaxies from hydro simulations:
  more “realistic” gas distribution
  tests of analytic and simple models
  statistical properties of Ly𝛂 emission (vs observation)
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Figure 1. Composite continuum (top panels) and Lyα (bottom panels) images of our LAEs produced by the mean-combined method.
From left to right panels, we show z = 2.2, 3.1, 3.7, 5.7, and 6.6 LAE images.
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Figure 2. Same as Figure 1, but for the median-combined method.

ing surveys of Subaru telescope. Our z = 2.2 sample con-
sists of 3556 LAEs found in five deep fields of COSMOS,
GOODS-N, GOODS-S, SSA22, and SXDS (Nakajima et al.
2012). The total area of the deep fields with our z = 2.2
LAEs is about 2.3 deg2. The z = 2.2 LAEs are identified
by an excess of flux in an NB of NB387 whose central
wavelength and FWHM are 3870 Å and 94 Å, respectively.
The continua of these LAEs are determined with V -band
images taken by Capak et al. (2004), Hayashino et al.
(2004), Taniguchi et al. (2007), Furusawa et al. (2008),
and Taylor et al. (2009). Our z = 3.1 − 6.6 LAE samples
are obtained only in the 1 deg2 SXDS field (Ouchi et al.
2008, 2010). There are (316, 100, 397, 119) LAEs at z =
(3.1, 3.7, 5.7, 6.6) identified with NBs of (NB503, NB570,
NB816, NB921). The central wavelength and FWHM val-
ues are (5029Å, 74Å), (5703Å, 69Å), (8150Å, 120Å), and

(9196Å, 132Å) for NB503, NB570, NB816, and NB921, re-
spectively. The continua of LAEs are estimated with broad-
band images of R, i′, z′, and J bands for NB503, NB570,
NB816, and NB921 LAEs. We refer to these broadband
images for our continuum estimates as continuum images.
These optical and near-infrared images are taken from the
public data of SXDS (Furusawa et al. 2008) and UKIDSS
(Lawrence et al. 2007), respectively. All of the imaging data
used in this study are obtained with Subaru/Suprime-Cam,
except for the J-band image. The J-band observations are
conducted with the the Wide Field Camera (WFCAM;
Hewett et al. 2006; Casali et al. 2007) on the UK Infrared
Telescope (UKIRT). In summary, our samples have a to-
tal of 4488 LAEs at z = 2.2 − 6.6 on the 2.3 deg2 sky.
Our LAE samples have the Lyα luminosity and equivalent-
width limits of ∼ 1042 erg s−1 and ∼ 20− 60Å, respectively
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Fig. 8.— Comparison between the neutral hydrogen velocity–temperature (v–T ) distribution in the simulation and the shell model
constraints for galaxy G76 (left) and G85 (right). In each panel, the colour scale shows the v–T distribution in the simulation, with the
blue and red contours marking the central 68.3 and 95.4 percent of the distribution. The black contours represent the 2� confidence levels
of shell model constraints for Ly↵ spectra observed along 20 random directions.

Fig. 9.— Comparison between the neutral hydrogen column density in the simulation and the shell model constraints for galaxy G76
(left) and G85 (right). The neutral hydrogen column density is computed along 20 random viewing directions, with cases of integrating
the H I number density from outside to radius r = 0, 1, 3, and 5kpc, respectively. In each panel, the shell model constraints come from
fitting the Ly↵ spectra observed along the above 20 directions. For each set of 20 column densities in the simulation, a pentagram point is
used to denote the average. The curve shows the one-to-one relation.

to fit the spectra reasonably well. However, the inter-
pretation of the inferred shell model parameters is not
straightforward. For the column density, the shell model
constraints are close to the average column density over
all directions, while they deviate those along the given
lines of sight. While the constraints on either neutral gas
temperature or radial velocity can match that in the sim-
ulation at certain radii in some cases, the ranges of radii
with temperature matched and with velocity matched in
general do not agree with each other. In terms of the joint
distribution in the v–T plane, shell model constraints do
not capture the majority of the gas distribution in the
simulation.

4. SUMMARY AND DISCUSSION

In this paper, we use the expanding shell model of Ly↵
emission to fit the Ly↵ spectra produced through RT cal-
culation with galaxies in a hydrodynamic galaxy forma-
tion simulation. We aim at finding out the connections
or correspondences between the constrained shell model
parameters and the gas properties in the simulation, aid-
ing the interpretation of observation.
Motivated by the phenomenon of galactic outflow, the

expanding shell model of Ly↵ emission is developed to
interpret the observed Ly↵ spectra of star-forming galax-
ies. Being able to generate complex spectra with simple
geometry and setups, the model has been applied to ob-
servation, which generally leads to good fits to observed
spectra. On the one hand, the success of the shell model
is encouraging. On the other hand, it is surprising given
that the realistic gas distribution is not as simple as in
the model. Therefore, it is interesting to study what the
shell model really constrain and to figure out the corre-
spondence (if there is any) between shell parameters and
distribution of gas properties. Galaxies from hydrody-
namic galaxy formation provides an ideal case for such
an investigation. We can construct mock Ly↵ spectra
based on RT modelling of Ly↵ emission from the sim-
ulated galaxies the mock observation, and we also have
the information of gas surrounding the galaxies to be
compared with the shell model constraints.
Given the spherical geometry of the shell model, we

first apply it the spherically averaged Ly↵ spectrum for
each simulated galaxy. We find that the shell model does
not give a good fit and the constraints in the neutral
hydrogen column density NHI, temperature T , and radial

gas distribution in simulation

expanding shell model constraints 
from spectra in different directions
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Anisotropic Lyman-alpha Emission
and Expanding Spherical Shell Model
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Anisotropic Lyman-alpha Emission
from Galaxies in Hydrodynamic Simulations

viewing angle dependent Lyman-alpha flux
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flux distribution from randomly oriented galaxies
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Anisotropic Lyman-alpha Emission
from Galaxies in Hydrodynamic Simulations



Lyman-alpha EW distribution: Model vs Observation
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Anisotropic Lyman-alpha Emission
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Lya Escape Fraction vs Dust Extinction

dust effect on fesc?
Hayes et al. (2011)

Correlation = Causation?
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Anisotropic emission can be one of the key factors in determining and in 
interpreting the observational properties of Lyman-alpha emission from 
star-forming galaxies.

Summary


