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What is HETDEX? As a Ly𝛂 Intensity Mapping Pioneer? 

- BAO survey at 2<z<3.5. 
- Blind detection of 1M LAEs. 
- happing NOW! HDR1 on 4/1/19.

- Fully utilize the blind nature.

Theoretical Challenge
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Figure 1. Lyman-↵ intensity map of the simulation box with a length of
75 Mpc/h at a redshift of 3.01 projected onto the cube’s faces. Æ⇡ denotes
the line-of-sight direction, while Ær?,1 and Ær?,2 indicate the perpendicular
direction to former. Thus, the top and right cube faces show a directional
alignment stemming from redshift space distortions. Most of the visible
distortion is due to Lyman-↵ radiative transfer and the subject of this paper.
Individual spectra of LAEs are later reconstructed from such cube.

in a context of the large-scale structure, necessary for studying
the impact of Lyman-↵ radiative transfer onto statistics used in
cosmology. Before applying the radiative transfer, we convert the
Voronoi tessellation in Illustris onto an octet-tree data structure with
a maximal resolution of � = 3.3 ckpc. The refinement criterion is
triggered for cells containing 32 or more Voronoi cells’ definining
positions. More details on the processing of the Illustris datasets
can be found in Behrens et al. (2017).

We then explicitly place Ly↵ photons in a center of the dark
matter halos and weight them by the halos’ respective Ly↵ lumi-
nosity that is based on star formation rate (SFR) of each halo:

Lint =
SFR

M� yr�1 · 1042 erg s�1. (18)

Note that we assume properties of the LAEs such as positions,
velocities and SFR only from host halo catalogs (i.e., ‘group’ cat-
alogs) and hence ignore satellite galaxies. We impose a minimum
threshold of 0.1 M� yr�1 on the SFR and 1010

M� on the halo
mass to limit ourselves to well resolved halos and to limit the re-
quired computational resources. We summarize characteristics of
our simulated LAEs in Table 1.

Additionally, we set the initial frequency profile emerging from
the unresolved ISM to be a Gaussian whose width �i is set by the
virial temperature of the halo, see Behrens et al. (2017). While
the initial profile should have a significant impact on the observed
properties, we lack a profound ISM sub-grid model for the scope of
this paper. For the fiducial sample of LAEs at a number density of
nLAE = 10�2 Mpc�3h3 in our survey, we find a mean input width
�i = 137 km�1 at z = 3.01. This is roughly consistent with recent
findings in shell models by Gronke (2017) finding �i = 172+75

�60 km
s�1 fitted to an LAE sample at median redshift of z = 3.83.

Varying the Gaussian widths for T < Tvir, we found that this
only has an insignificant impact on the spectra emerging after re-

Table 1. In this table, we summarize key quantities of the redshift snapshots
considered relevant to our analysis: Spatial resolution �, number of LAEs
considered NLAE and median radius rcrit,200 encompassing 200 times the
critical density of the Universe for those emitters for the post-processed
snapshots. Beside the radius’ physical size, we also state the angular size
as seen for an observer. For each redshift, we also state the average neutral
fraction, fIGM, at a characteristic hydrogen number density of 10�4 cm�3. We
also quote the conversion factor (aH)�1 from peculiar velocity to comoving
distance at each redshift.

redshift 2.00 3.01 4.01 5.85
fIGM [10�5] 2 3.7 6.8 35
� [pkpc] 1.2 0.8 0.7 0.5
NLAE 45594 45434 39782 23114
rcrit,200 [pkpc] 40.6 30.4 24.3 17.8

(aH)�1 [ Mpc h�1

km s�1 ] 0.0105 0.0094 0.0085 0.0073

processing on CGM scales. As cosmological simulations such as
Illustris are unable to resolve the ISM regions, we explicitly cut
out the unresolved ISM as defined by a hydrogen number density
threshold of 0.13 cm�3 for the gas. Also, we ignore the impact of
dust attenuation on the radiative transfer for simplicity. Given these
simplifications, we do not expect our simulations to agree well with
the observed luminosity function as already discussed in Behrens
et al. (2017).

After the luminosity weighted photons are spawned with an
isotropic angular distribution in the LAE’s rest frame, the photons
are propagated in a straight line until a scattering with a neutral
hydrogen atom occurs. Then at each scattering point, the attenuated
contribution along the line-of-sight towards the observer is com-
puted (‘peeling-o�’ photon) while the original photon is re-emitted
and propagated/scattered subsequently.

In comparison to the simulations presented in Behrens et al.
(2017), the only modification in our RT simulation stems from an
increased initial Monte Carlo photon count: we increase this count
from 100 to 1000 in order to properly sample the spectra as a
function of wavelength. The requirement for the photon count was
less important before as only the total flux was relevant for the
analysis in Behrens et al. (2017).

As a result of those RT simulations, catalogs of attenuated pho-
ton contributions reaching the observer are created, including infor-
mation such as the observed intensity as a function of wavelength
and position perpendicular to the line of sight and the positions
of photons’ originating LAE. In Figure 1, we visualize the repro-
cessed Lyman-↵ photons escaping the simulation box and project
the surface brightness onto the cube’s faces. The top and the right
face of the cube contain the line-of-sight direction and are shown in
redshift space. One can easily notice a strong anisotropy in redshift
space, which will be the focus of this study. The position of the
individually observed LAE along the line of sight however depends
upon a detection algorithm whose methodology we introduce in the
next subsection.

3.2 Analysis of Simulated LAEs in Redshift Space

3.2.1 LAE Spectra and Redshift Space Positions

To determine the position of LAEs in redshift space, we calculate
the flux and spectral information by applying a spherical aperture of
3 arcseconds radius (our default case) around a known LAE’s posi-
tion (from the halo catalogs), which also already fixes the angular
position of the selected LAE. The aperture size is chosen to corre-
spond roughly to the size of the host halos in our sample (4.8-3.0”
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- Ly𝛂 Radiative Transfer 

- Diffusion induces a FoG effect.
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