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The role of HI distribu1on and kinema1cs on the escape of Lyα photons
in star-forming galaxies

CONTEXT:

Lyα

HI

Lyα photons trace HI

AIM: invesQgate the eﬀects of gas kinema1cs and gas properQes, such as HI column density,
in the escape and large-scale propaga1on of Lyα photons

METHOD: sample of star-forming galaxies from VUDS with zsys
low ionizaQon absorpQon lines (LIS) in 1D spectra
shape of Lyα emission line in 1D spectra
size of the Lya spaQal extension in 2D spectra

RESULTS: Lyα properQes vs galaxy physical properQes vs HI properQes
CONCLUSIONS: implicaQons for the life of star-forming galaxies
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VUDS: VIMOS Ultra Deep Survey
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Stack 1D spectrum:

SiII1260

line, (10) the rest-frame equivalent width of CIII]1908, (11) the rest-frame equivalent width of Ly↵, (12) the 2D Ly↵
Ly↵ peak shift.

perform the same measurements as in the real stack. We estimate the Gaussian-fit parameters in each fake realization
and calculate the standard deviation among the 100 realizations.
We explored the possibility of fitting the Ly↵ emission line with more sophisticated curves, such as a skewed
Gaussian function with the following form,
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where A is the skewed parameter. However, given the resolution of our spectra, the best-fit parameters obtained with
CIII]
this skewed Gaussian function are consistent with those obtained in a normal Gaussian fit. An example is shown in
Fig. 4. We can see that symmetric and asymmetric curve fits
produce consistent parameters within the bootstrap errors.
Therefore, we perform our analysis of the 1D Ly↵ profiles
with the simplest approach.
To evaluate the spatial extension of the Ly↵ emission in each
sub-sample, we first obtain the rest-frame 2D spectra and we
align them in the spatial direction (Cassata et al., in prep). We
then average the aligned 2D spectra, by using the IRAF task
imcombine. The Ly↵ spatial extension is estimated by fitting
a Gaussian curve to the spatial profiles of Ly↵ and UV continuum around 1500 Å (Fig. 5). We obtain the full width half
maximum (FWHM) of the Gaussian best fits (FWHM(Ly↵) and
FWHM(Cont)). We define the Ly↵ spatial extension with respect
to the continuum as,

LIS (SiII1260, SiII1526)

Ext(Ly↵
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Physical vs Lyα proper1es: Δv,median{C,R}
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Fig. 8. Stack physical properties vs. Ly↵ properties. From the top row: the plots show v, rest-frame UV concentration, rest-frame UV magnitude,
EW(CIII]1908), and stellar mass vs. EW(Ly↵) (first column), Ext(Ly↵-C) (second column), and Ly↵ peak shift (third column). Symbols are as
in Fig. 6. For each subset, v, EW(Ly↵), EW(CIII]1908), and Ly↵ peak shift are measured in the stacks, while
to the
Lyα CUV , R, and M⇤ correspond Lyα
median values of the galaxies within the subset. The black star represents a subset of sources with extreme Ext(Ly↵-C)
in
the
individual
spectra.
UV
UV
Lyα
These sources are characterized by moderate EW(Ly↵), Ly↵ peak shift larger than 300 km s 1 and v consistent with zero.
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Before interpreting the kinematics of the gas in the galaxies
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Radia1ve transfer model
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Fig. 2. Correlation between the Ly↵ peak positions and the neutral gas column density, as measured in the grid of McLya radiation transfer models
in spherical homogeneous shells (Verhamme et al. 2006; Schaerer et al. 2011). Left: Ly↵ peak o↵set vpeak . We colour-code 3 ranges of the outflow
velocity: static models in blue, moderate outflow velocity models in green, high velocity wind models in red. Right: Separation S peak of peaks
in the double-peak Ly↵ profiles, i.e. those resulting from Ly↵ radiative transfer in low-velocity outflows (the profiles become single-peaked for
velocities higher than 100 km s 1 ). The black curves in both panels depict the analytically derived Ly↵ peak positions for radiative transfer in a
static uniform sphere (Dijkstra et al. 2006). From top to bottom, they correspond to b = 40 km s 1 , b = 20 km s 1 and b = 10 km s 1 . Some
discrepancy between the analytical estimate of Vpeak and the numerical experiment is expected at the low NHI end, since the analytical solution
is only valid in an optically thick regime (see for example Fig.2 in Verhamme et al. 2006). We checked that these results are independent of
instrumental resolution.

be confirmed by independent indicators or direct LyC observation. Also, an estimate of outflow velocities from the blueshift of
metallic Low Ionisation State (LIS) absorption lines should be
able to distinguish between objects with small vpeak due to high
vexp , and objects with a small vpeak due to a low column density.
We tested that the location of vpeak is not very sensitive to the
spectral resolution (see the left panel of Fig. 3). The width of
the Ly↵ peaks would be yet another characteristics that is dependent on the Hi column density. However, the line width is

varying NHI

2.2.3. Discussion

High spectral resolution is needed to recover extremely narrow
profiles. The actual canonical “good” spectral resolution at high
redshift is typically R ⇠ 3000 on VLT-FORS or Mitchell spectrograph (Chonis et al. 2013; Tapken et al. 2007), or even R ⇠ 5000
with Xshooter on lensed targets (Christensen et al. 2012b,a; Noterdaeme et al. 2012). On the left panel of Fig. 3, we illustrate
the broadening of a theoretical Ly↵ profile due to instrumental
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Fig. 6: For the sub-samples listed in Table 1, we show the measurements of EW(Ly↵) ( f irst panel), Ext(Ly↵-C) (secon
(third panel), and v ( f ourth panel), together with the bootstrapping (see text) error bars. The symbols correspond to the
galaxies fainter(brighter) than the median R magnitude of the entire sample are shown as red(blue) triangles; galaxies ch
larger(smaller) than the median value are shown as red(blue) filled circles; galaxies characterized by EW(CIII]1908)
median value as red(blue) diamonds; galaxies with rest-frame UV concentration larger(smaller) than the median valu
galaxies with Ext(Ly↵-C) larger(smaller) than the median value as red(blue) squares; galaxies in over-dense(under-de
tilted triangles; galaxies more(less) massive than the median value as red(blue) pentagons.

Fig. 2. Correlation between the Ly↵ peak positions and the neutral gas column density, as measured in the grid of McLya radiation transfer models
in spherical homogeneous shells (Verhamme et al. 2006; Schaerer et al. 2011). Left: Ly↵ peak o↵set vpeak . We colour-code 3 ranges of the outflow
velocity: static models in blue, moderate outflow velocity models in green, high velocity wind models in red. Right: Separation S peak of peaks
in the double-peak Ly↵ profiles, i.e. those resulting from Ly↵ radiative transfer in low-velocity outflows (the profiles become single-peaked for
velocities higher than 100 km s 1 ). The black curves in both panels depict the analytically derived Ly↵ peak positions for radiative transfer in a
static uniform sphere (Dijkstra et al. 2006). From top to bottom, they correspond to b = 40 km s 1 , b = 20 km s 1 and b = 10 km s 1 . Some
discrepancy between the analytical estimate of Vpeak and the numerical experiment is expected at the low NHI end, since the analytical solution
is only valid in an optically thick regime (see for example Fig.2 in Verhamme et al. 2006). We checked that these results are independent of
instrumental resolution.
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