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ABSTRACT

Aims. Our aim is to analyse the variance of the Inter-Galactic Medium transmission (IGM) by studying this parameter in the rest-frame
UV spectra of a large sample of high redshift galaxies.
Methods. We make use of the VIMOS Ultra Deep Survey and the VANDELS public survey to have an insight into the far UV
spectrum of 2.7 < z < 6 galaxies. Using the SPARTAN fitting software, we estimate the IGM towards individual galaxies and then
divide them in two sub-samples characterized by a transmission above or below the theoretical prescription. We create average spectra
of combined VUDS and VANDELS data for each set of galaxies in seven redshift bins.
Results. The resulting spectra clearly exhibit the variance of the IGM transmission that can be seen directly from high redshift
galaxy observations. Computing the optical depth based on the IGM transmission, we find an excellent agreement with QSOs results.
In addition, our measurements seem to suggest that there is a large dispersion of redshift where complete Gunn-Peterson Trough
happens, depending on the line of sight.

Key words. Extragalactic astronomy – Spectroscopy – High redshift – Intergalactic medium

1. Introduction

The light coming from distant sources (like Quasi Stellar Ob-
jects and galaxies) is absorbed by the gaseous hydrogen systems
that are lying along the line of sight. At increasing redshift, this
effect, called the Inter-Galactic Medium (IGM) absorption can
be so important that all the light at wavelengths blueward the

* Based on observations made with ESO Telescopes at the La Silla or
Paranal Observatories under programme ID(s) 194.A-2003

† Based on data obtained with the European Southern Observatory
Very Large Telescope, Paranal, Chile, under Large Program 185.A-0791

∗∗ Oliver Le Fèvre, 1960-2020

Lyman α [Lyα] at 1216Å becomes invisible to us. Such absorp-
tion has been the topic of numerous studies and this is mainly
connected with the growth of the Large Scale Structure as pre-
dicted by the hierarchical structure formation scenario and it is
tightly connect with the epoch of Reionization (e.g. Cen et al.
1994).

Twenty five years ago, Madau (Madau 1995, hereafter M95)
proposed a theoretical model able to reproduce the shape of the
extinction curve as a function of redshift. Using this model, they
conclude that the IGM transmission, Tr(Lyα), decreases with in-
creasing redshift and that the scatter, at a given redshift should be
large, e.g., from 20% to 70% with an average of 40% at z=3.5. A
decade later, Meiksin (Meiksin 2006, hereafter M06) produced
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an update of this model using the Λ Cold Dark Matter cosmo-
logical predictions. More recently, Inoue et al. (2014) developed
a new model of transmission. Their model predicts a weaker av-
erage absorption in the range z=3-5 while it becomes stronger
at z>6. On the observational side, studies of the IGM have been
provided almost exclusively by Quasi Stellar Objects (QSOs).
Faucher-Giguère et al. (2008b) used 86 high-resolution quasar
spectra with a high signal-to-noise ratio to provide reference
measurements of the dispersion over 2.2 < z < 4.6.Dall’Aglio
et al. 2008 used 40 quasars bright quasars to produce the mea-
surements of the IGM optical depth between z=2.5 and z=4.5
while Becker et al. (2013) has extended the redshift range up to
5.5 with more than 6000 quasars. They all found that the trans-
mission is indeed decreasing with increasing redshift.

Until a few years ago, no observational studies had been
made of the evolution of the IGM transmission from galaxy sam-
ples mainly because of the lack of large spectroscopic samples
with high signal-to-noise ratios at high redshift that probed a
wavelength range between the Lyman-limit at 912Å and Lyα.
Hence, the IGM transmission towards extended galaxies had not
yet been compared with the well known results for point-like
QSO samples. In two recent papers we were able to compute the
IGM transmission for a large sample of galaxies using the VI-
MOS Ultra Deep Survey [VUDS; Le Fèvre et al. 2015; Thomas
et al. 2017, hereafter T17] and the VANDELS survey [McLure
et al. 2018; Pentericci et al. 2018; Thomas et al. 2020, hereafter
T20]. In these studies we showed that not only we can measure
the IGM transmission using galaxy spectra but that it is crucial
for understanding how galaxies are selected with Lyman Break
techniques (Steidel et al. 1995) which highly depends on the
IGM.

In this letter, we assembled more than 2500 galaxies from
VUDS and VANDELS at z>2.7 with measured IGM absorption
(using the SPARTAN tool) to create averaged IGM spectra in
different redshift bins to look at the IGM extinctions and visually
see the effect of the variance of IGM on galaxy data. We describe
the VUDS and VANDELS galaxy sample and selection in Sect 2
. The fitting method with the SPARTAN tool (Thomas 2021) and
the recipe we use to compute the IGM are described in Sect 3.
The results are presented in Sect 4 and Sect. 5. We discuss the
results in Sect 6 and conclude in Sect. 7.

All magnitudes are given in the AB system (Oke & Gunn
1983) and we use a cosmology with ΩM = 0.3, ΩΛ = 0.7 and
h = 0.7.

2. Data

In this paper, we use deep spectra collected by the VUDS (Le
Fèvre et al. 2015) and VANDELS (McLure et al. 2018; Pen-
tericci et al. 2018). We briefly describe here both surveys and
refer the reader to the survey description papers for more in-
depth details. Both surveys have been carried out with the now-
decommissioned VIsible Multi-Object Spectrograph [VIMOS]
instrument installed at the Nasmyth focus of Unit Telescope 3 of
the Very Large Telescope.

VUDS (P.I. O. Le Fèvre) is a European Southern Observa-
tory [ESO] large program designed to study the first billion years
of galaxy evolution. It is based on the observation of ten thou-
sand sources up to z = 6.5 selected primarily via the photometric
redshift method performed with the LePhare software (Arnouts
et al. 1999; Ilbert et al. 2006). Each target was observed for a
total of ∼ 14h in the wavelength range 3500 ≤ λ ≤ 9350Å us-
ing the two low resolution grism of the instrument at R∼240.

The data reduction was carried out using the VIPGI software
(Scodeggio et al. 2005). As the targets are in well known fields
(VIMOS VLT Deep Survey [VVDS] 2h field, Cosmic evolution
Survey [COSMOS] and Extended Chandra Deep Field South
[ECDFS]), a large amount of multi-wavelength photometric data
are available to complement the spectroscopic information. We
direct the reader to Le Fèvre et al. (2015) for a full description
of the survey.

The second sample comes from the VANDELS survey (P.Is
R. McLure & L. Pentericci). VANDELS is an ESO public spec-
troscopic survey aiming at the exploration of the high redshift
Universe at 1 < z < 7. More than 2100 galaxies have been
observed using the VIMOS medium resolution grism at R∼600
from 4800 to 10000 Å and the exposure time varied from 20h up
to 80h. As it was the case for VUDS, most targets were selected
using the photometric redshift technique. The data reduction was
carried out using the EASYLIFE package (Garilli et al. 2012).
Targets were selected in the two widely observed Ultra deep sur-
vey [UDS] and Chandra deep field south [CDFS] fields which
allows the association of the spectroscopy to a large amount of
multi-wavelength photometric data. Readers can find more infor-
mation about the survey in the two papers presenting it: McLure
et al. (2018) and Pentericci et al. (2018).
For both surveys, all the redshift estimations were performed
using the EZ software (Garilli et al. 2010), a template cross-
correlating code, and they both use an equivalent redshift flag
system to assess the quality of the redshift measurements. In
this scheme, galaxies with a redshift-flag 2,3,4 are those with
the most reliable redshift measurements, with a probability to be
correct of 75%, 95%, and 100%, respectively.

In this study, we are interested in galaxies with IGM trans-
missions higher and lower than the mean theoretical transmis-
sion. As defined in T17 and T20, this quantity is measured be-
tween rest-frame 1070Å and 1170Å. Such requirement imposes
a lower redshift limit of z=3.7 for VANDELS (taking a lower
wavelength of ∼5000Å) and z=2.7 for VUDS (lower wavelength
at ∼3900Å). Finally, we select only galaxies with a redshift flag
of 2, 3 or 4 which ensures to have the best quality redshift.
This leads to a combined sample of 2502 galaxies including 296
galaxies from VANDELS and 2206 galaxies from VUDS. As
the goal is to analyse galaxy spectra, it is worth mentioning that
VANDELS spectra have been rebinned to match VUDS wave-
length grid.

3. Method: The SPARTAN tool and IGM estimation

The estimation of the IGM transmission is done using the SPAR-
TAN (Spectroscopic And photometRic fitting Tool for Astro-
nomical aNalysis) software (Thomas 2021). It is a Python soft-
ware created to be able to fit both photometry and spectroscopy
in a common environment. We provide in this section the rele-
vant aspects for this paper. SPARTAN uses a χ2 minimization
technique that consist on a comparison of the observations to
theoretical galaxy models (see T20 for more details).

In order to select galaxies on the basis of their estimated
IGM transmission, we need to measure it. This is done through
the two-step template fitting method described in T20 which al-
lows for the reduction of the degeneracy between dust extinc-
tion and IGM absorption. The first step is done to estimate the
dust attenuation parameter E(B-V)s based on the SPARTAN fit-
ting of all the photometric data point only. The second step is
done fixing the dust extinction (from the first pass) on the spec-
tral data which provides the IGM transmission. The fitting is

Article number, page 2 of 7



R. Thomas et al: The less and the more IGM transmitted galaxies from z ∼ 2.7 to z ∼ 6

Table 1. Details of the stacked spectra displayed in Fig. 1. For each stack we provide the number of individual spectra entering the stacking of the
spectrum (NX) and the average redshift of all these galaxies (< zX >). Quantities with ‘all’, ‘more’, ‘less’ refer to the stack with all the galaxies (in
grey in Fig.1), galaxies with the more transmitting IGM (blue) and galaxies with the less transmitting IGM (red). The last but one column shows
the flux difference between the more IGM transmitted galaxies and the less IGM transmitted galaxies, computed at 1070-1170Å while the last
column shows the fractional difference. It is worth mentioning that Nall , Nmore+Nless as we are considering object 0.5σ above (Nmore) or below
(Nless) the average. Nall include as well all galaxies with an IGM absorption equal to the theoretical average. Finally, the Signal to noise ratio
(SNR), is the one computed in the stacked spectra in the IGM region at 1070-1170Å.

Redshift bin <zall> Nall <zmore> Nmore SNRmore <zless> Nless SNRless ∆ <F>1070−1170
∆<F>
<Fall>

2.7 < z < 3.0 2.8583 749 2.8643 333 17.8 2.8548 197 11.2 0.37 0.45
3.0 < z < 3.3 3.1392 546 3.1225 188 17.3 3.1540 183 13.4 0.31 0.41
3.3 < z < 3.6 3.4315 412 3.4285 102 15.8 3.4361 181 11.6 0.29 0.44
3.6 < z < 4.0 3.8133 305 3.7901 80 13.6 3.8146 105 8.2 0.23 0.36
4.0 < z < 4.5 4.2198 274 4.2545 113 14.2 4.1693 53 7 0.28 0.44
4.5 < z < 4.8 4.6209 122 4.6157 58 8.8 4.6472 16 2.7 0.24 0.42

z > 4.8 5.0411 94 5.0707 45 5 5.0464 18 2.6 0.14 0.34

Fig. 1. Average spectra with different IGM-attenuated sample. All spectra are given in the restframe (rf). We show 7 different redshift bins (from
top left to bottom left): 2.7 < z < 3.0, 3.0 < z < 3.3, 3.3 < z < 3.6, 3.6 < z < 4.0, 4.0 < z < 4.5, 4.5 < z < 4.8 and z > 4.8. For each panel we show
the averaged spectrum for the more transmitted galaxies in blue, the averaged spectrum of the less transmitted galaxies in red and the averaged
spectrum of all the galaxies in grey

done using Bruzual & Charlot (2003) models with a Chabrier
(2003) initial mass function. The stellar-phase metalicity ranges
from sub-solar (0.2Z� and 0.4Z�) to solar (1.0Z�). We assume
an exponentially delayed star formation history of the form
S FR ∝ t × τ−2 × exp(−t/τ) with a time-scale parameter, τ, rang-
ing from 0.1 Gyr to 2.0 Gyr. The ages (corresponding to the time
since onset of star formation) range from 0.01 Gyr to 4 Gyr. It is
worth noting that this range of age is further limited by the age
of the Universe at the redshift that is considered during the fit.
For the photometric fitting, the E(B-V)s parameter can vary from

0.0 to 0.39 (in 0.03 steps). As described above, this parameter is
fixed during the second pass spectral fitting. Finally, the IGM
prescription that is used from T17 in which we built IGM trans-
mission templates around the mean of M06. At a given redshift,
six empirical additional curves at ±0.5σ, ±1.0σ and ±1.5σ were
created. This allows us to use the IGM as a free parameter in our
fit and explore a large range of IGM transmission. At z = 3 the
IGM transmission, Tr(Lyα), can range from 20% to 100% while
at z = 5, it might vary from 5% to 50%. The Lyα transmission is
estimated directly on these models as the average of the selected
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model between 1070Å and 1170Å (we refer the reader to T20
for examples of spectral fitting).

4. The more and less IGM transmitted galaxies at
z>2.7

The objective of this paper is to look at the galaxies in differ-
ent redshift bins which have an IGM transmission different from
the theoretical mean. In order to achieve this goal, we create av-
erage spectra of galaxies selected based on their IGM transmis-
sion computed from the SPARTAN fitting. This has been done in
seven redshift bins, 2.7 ≤ z < 3.0, 3.0 ≤ z < 3.3, 3.3 ≤ z < 3.6,
3.6 ≤ z < 4.0, 4.0 ≤ z < 4.5, 4.5 ≤ z < 4.8 and z > 4.8. The
choice of these seven bins was a trade-off between maximizing
the number of points and keeping a high number of galaxies to
achieve a SNR high enough for our study. Nevertheless, It is
worth mentioning that the change of this binning, e.g. with lass
bins, does not change our results. The galaxies in each bin were
separated into two sub-samples: the more transmitted galaxies,
i.e. those with an IGM transmission measured at a level higher
than the predicted mean of the M06 prescription (with a selected
model at ≥ 0.5σ, see previous section) and the less transmit-
ted galaxies, i.e., with an IGM transmission measured at a level
lower than the mean of the M06 prescription (with a selected
model at ≤ 0.5σ). For each set of galaxies we have created
an average spectrum using the specstack1 tool (Thomas 2019b).
The tool works as follows. For a given set of galaxies, we de-
redshift all the individual spectra and normalise them in a region
redward of the Lyα line (in our case 1345Å-1380Å due to the
absence of spectral feature in that region). Then we regrid the
spectra in a common wavelength grid. Finally, at a given wave-
length, we compute the average of all the flux density in each
given pixel weighted by the individual spectra SNR using a 3σ
clipping method. In the seven redshift bins, the resulting aver-
age spectra based on our 2502 galaxies from both VUDS and
VANDELS are presented in Fig. 1 and their associated data are
displayed in Table 1. The averaged spectra were computed be-
tween 912Å and 1500Å rest-frame. In each redshift bin we show
three average spectra: an average spectrum made from the more
IGM-transmitted galaxies, an average spectrum made from the
less IGM-transmitted galaxies and finally an average spectrum
made from all the galaxies available in the considered redshift
bin independent of the IGM transmission2.

First of all, it is important to note that 70% of the average
spectra are made of more than 100 individual spectra, the other
30% are at the highest redshift bins where we have less spec-
tra. This results in the average spectrum corresponding to the
less IGM transmitted galaxies having a higher level of noise. In
each redshift bin, the average reshift of that comprise the three
composite spectra are similar and it is therefore meaningful to
compare them directly. Very importantly, Fig.1 shows that red-
ward, of the Lyα line, the spectra of the three samples are very
close to each other which means that the underlying galaxy pop-
ulations are similar, more notably, the dust properties. There-
fore, the strong variation of flux below the Lyα line depends pri-
marily on the IGM extinction along the line of sight. At every
redshift, the less transmitted sample is much dimmer at 1070Å-
1170Å than the more transmitted one, except for the highest
redshift spectra (see next section). Based on the measurement
on the average spectra, the flux density at 1070Å-1170Å of less

1https://specstack.readthedocs.io/en/latest/
2The evolution of the Lyα transmission itself is shown in T20.

transmitted galaxies is on average 40% fainter than that of more
transmitted galaxies. This difference will have a very important
influence on the selection of galaxies based on the Lyman-break
technique (as shown in T17 at z∼3.2 with ugr colour-colour di-
agram). However, we note that for the two highest redshift bins,
the flux density of the average sample (in gray) is very similar
to that of more transmitted sample. In these bins, there are fewer
galaxies in the sample which is less transmitting, therefore the
average tends to be closer to the more transmitted one. We in-
vestigate the potential origin of this asymmetry in section 6.1.
For a better visualisation, the evolution of the flux itself in this
region is displayed in Fig.2 where all the regions have been red-
shited to the average redshift of the bin (see Table 1).

We compute the average flux of the rest-frame stacked spec-
tra in the IGM transmission region (1070-1170Å), and the evolu-
tion of this average flux is shown in Fig.3. As seen in the stacks,
the average flux is decreasing with redshift as expected due to
the evolution of the IGM (M06 & M95). Nevertheless, the evo-
lution seems to be different for the two samples. We compute the
difference in average flux between the more and the less trans-
mitted sample, ∆F. These measurements are reported in the last
but one column of Table 1. We see that the difference is decreas-
ing with increasing redshift. It goes from 0.37 at z∼2.85 down
to 0.14 at z∼5.04, indicating that the difference in transmission
between the two sets of galaxies is reducing as well. We also
computed the fractional difference, ∆F/ < Fall > and reported it
in the last column of Table 1. It slightly decreases with redshift
going from 0.45 at z∼2.85 to 0.34 at z∼5.04. Nevertheless, the
scatter of the points does not let us draw any conclusion from
this evolution. These evolutions are well fitted by a simple linear
function, f (z) = a × z + b (valid for taking all the points of Fig.3
from zsource=2.85 and zsource=5.04):

< F >less = −0.101[±0.008] × z + 0.866[±0.029]
< F >more = −0.181[±0.019] × z + 1.447[±0.072] (1)

The fitting method has been carried out using the curve_fit
function of the scipy.optimize package (Virtanen et al. 2020)
which performs a χ2 minimization. The errors on the parameters
correspond to the standard deviation estimated from the covari-
ance matrix3.

5. Optical depth

QSO studies traditionally compute the HI optical depth from the
IGM transmission defined as:

τe f f = − ln Tr(Lyα), (2)

where the Tr(Lyα) is the Lyman α transmission computed di-
rectly from the IGM template. We apply this transformation to
each of our set of galaxies and the results are reported in Ta-
ble. 2. It is also worth mentioning that QSO studies often use the
redshift of the absorbers in the Lyman α forest defined as:

λLyα(1 + zabs) = λ0(1 + zs), (3)

with zs the redshift of the source and λLyα = 1215.67Å. To
be able to compare our measurements to the QSO’s literature,
we transform all our redshifts in this section to zabs using λ0 =

1120Å, the middle of the region where we measure Tr(Lya).
3https://docs.scipy.org/doc/scipy/reference/generated/

scipy.optimize.curve_fit.html
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Fig. 2. Evolution of the region where the Lyα transmission is computed (1070-1170Å) in the different redshift bins of Fig.1 but this time in the
observed frame (the redshift of the spectra are set to the average redshift of the redshift bin). The vertical dashed lines show the separation between
each redshift bin (in the middle of the overlap). The color coding is the same as Fig.1.

Fig. 3. Evolution of the averaged flux in the 1070-1170Å region in
the averaged spectra for the more (in blue) and the less (red) IGM-
transmitted average spectra. The two solid lines are linear fits to the
evolutions whose functional shapes are given in equation 1.

Table 2. Optical depth from the IGM transmission in each of our galaxy
subsamples.Quantities with ‘all’, ‘more’, ‘less’ refer to the stack with all
the galaxies (in grey in Fig.1), galaxies with the more transmitting IGM
(blue) and galaxies with the less transmitting IGM (red). Redshift have
been transformed using eq.3.

zall
abs τall

e f f zmore
abs τmore

e f f zless
abs τless

e f f
2.55 0.21 ± 0.1 2.56 0.01 ± 0.05 2.55 0.54 ± 0.04
2.81 0.30 ± 0.1 2.79 0.06 ± 0.02 2.83 0.61 ± 0.04
3.08 0.41 ± 0.12 3.07 0.13 ± 0.03 3.09 0.70 ± 0.05
3.43 0.56 ± 0.15 3.41 0.23 ± 0.09 3.44 0.86 ± 0.07
3.80 0.64 ± 0.15 3.84 0.41 ± 0.09 3.76 0.96 ± 0.05
4.17 0.87 ± 0.19 4.17 0.64 ± 0.07 4.20 1.23 ± 0.06
4.56 1.16 ± 0.22 4.59 0.91 ± 0.12 4.57 1.61 ± 0.1

We compare our estimation to QSO’s data with data from
Dall’Aglio et al. (2008), Faucher-Giguère et al. (2008) , Becker
et al. (2013), Becker et al. (2015) and galaxy based optical depth
estimation from Monzon et al. (2020). Our measurement from
all our galaxies are in excellent agreement with each of these
sample over the whole redshift range. At the high redshift end of
our sample, the scatter of Becker et al. (2015) also reaches our
less/more transmitted galaxies. We fit the evolution of the optical

depth for each of our sample with an analytical function of the
form:

τe f f (z) = A × (1 + z)γ (4)

The fit is carried out using the same algorithm as Sect. 4
using the scipy pacakge. We find, for the three sample:

– All galaxies: A = 2.655 × 10−3 ± 0.001, γ = 3.536 ± 0.170
– More transmitted: A = 9.540 × 10−6 ± 6.397 × 10−6, γ =

6.717 ± 0.413
– less transmitted: A = 0.026 ± 0.006, γ = 2.354 ± 0.147

It is worth mentionning that the result of this fit is valid for the
redshift range we consider here from zsource=2.85 to zsource=5.04.

Finally, as we can see, the evolution of the optical depth for
both more/less transmitted galaxies is well separated at any red-
shift which would indicate that some galaxies may become visi-
ble, below the Lyα line, at very different redshift depending only
on their IGM optical depth. At a fixed optical depth, the differ-
ence in redshift reaches & 1.

6. Discussion

6.1. Asymmetry in the distribution of more/less transmitting
lines of sight.

As reported in section 4, we observe that in the highest redshift
bins, the number of galaxies with a LOS classified as less trans-
mitting is smaller than the the number of classified galaxies with
a LOS classified as more transmitting. We investigate this asym-
metry by looking at the two different surveys independently (see
Table 3).

Taking into account the VANDELS survey alone the distribu-
tion of galaxies between less and more transmitting line of sights
is not showing this asymmetry. On the other hand, when looking
at VUDS data alone, the effect is present. This most probably
indicates that the two pass fitting method is not completely effi-
cient when applied to the VUDS data. This couple be explained
by the the number of points used for the dust estimation using
photometric SED-fitting (we use up to 20 bands for VANDELS
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Fig. 4. Evolution of the optical depth for each sample of our galaxies
and comparison with QSO’s data. More IGM transmitted galaxies are
shown by the blue stars, less transmitted galaxies are in red stars and
black star represent the full sample of our galaxies. Dashed lines rep-
resent the fit to each sample and are in the same colors. We also show
point from the literature with measurements from Dall’Aglio et al. 2008
in green diamonds, from Faucher-Giguère et al. 2008 in pink triangles,
from Becker et al. 2013 in light blue square and from Becker et al. 2015
in empty gray circles. The orange point is based on galaxy data from
Monzon et al. (2020). Finally, the purple plain line shows the Meiksin
modelisation (shifted to the zabs, see Eq. 3).

VANDELS Ngalmore Ngalless
4.0<z<4.5 39 43
4.5<z<4.8 18 14

z>4.8 12 14
VUDS Ngalmore Ngalless

4.0<z<4.5 77 10
4.5<z<4.8 40 2

z>4.8 33 4
Table 3. Number of galaxies with IGM transmission lower and higher
than the theoretical mean from M06.

and around 10 for VUDS). This can be partially resolved by set-
ting lower limits on the photometric fitting, i.e. forcing a lower
dust attenuation as shown in T17. This would result in a more
symmetrical distribution as for the VANDELS sources. The ef-
fect of such action would be to remove the slight jump that can
be seen in Fig. 3 at z > 4 and shift the measurements of the
optical depth closer to the Meiksin model (see Fig. 4).

6.2. γ values

As shown in the previous section, the fits of Fig. 4 show large
differences in parameters range, especially for the γ parameters
that ranges from 2.3546 for the galaxies that are less transmitted
to 6.3974 for the more transmitting galaxies. In the Lyman alpha
forest studies framework, the γ parameter is related to the evo-
lution of the number density of Lyα forest clouds with redshift
(Press et al. 1993). In the same paper, the evolution of the opti-
cal depth is fitted by a functional of the form τe f f (z) = A(1 + z)β,
with β = γ+1. In this case the β value can be used directly to es-
timate the evolution of the number of clouds with redshift given
by:

dN
dz
∝ B(1 + z)β−1. (5)

In that framework, we must remove 1 to all our values of γ pre-
sented in Sect. 5. We see that for the less transmitted galaxies, the
γ value is the lowest. This indicates a slower evolution with red-
shift. These line of sight are the one that are the most populated
by clouds which leads to a lower transmission. This slower evo-
lution can be explained by the fact that the strong increase of the
optical depth at high-z (Becker et al. 2015) is less prominent for
these line of sights because they are already heavily populated by
clouds. On the contrary, the more transmitted galaxies are fitted
with a high γ value which indicates a strong evolution with red-
shift. For these galaxies, the lines of sight are less populated by
clouds, leading to a higher IGM transmission. The strong evolu-
tion of the optical depth at high-z translates in a rapid increase
of the number of clouds along the line of sight with redshift for
the more transmitted galaxies.

7. Conclusions

Using data from both VUDS and VANDELS programs, we pre-
sented in this letter the effect of the IGM at redshift z>2.7. Using
averaged spectra we could observe the effect of the IGM for lines
of sights that are more and less transmitting that the theoretical
average prescription. This leads to two important results:

– Firstly, the variance of the IGM is clearly visible from galaxy
data. The flux for the sub-sample with the more transmitting
lines of sight is on average 63% higher in the 1070-1170Å re-
gion than the sub-sample with smaller IGM transmission. It
has been already reported from the quasar point of view, e.g.
Songaila (2004). From the theoretical point of view, the large
variance of the IGM was already shown by Madau (1995) but
not emphasized by more recent works. We defer a compre-
hensive comparison between our galaxy data with simula-
tions to a future study.

– The estimation of the optical depth from the IGM transmis-
sion allows us to compare our data to multiple QSO studies
and shows an excellent agreement. Finally, the observed vari-
ance of the IGM described above could lead to different full-
opacity redshift for different categories of lines of sight. The
evolution of the optical depth from both more and less atten-
uated galaxies suggests that galaxies could start to be visible
below Lyman alpha at very different redshift; at zs ∼ 6.16 for
less transmitted galaxies and at zs ∼ 6.80 for the more trans-
mitted galaxies. Nevertheless, QSOs studies at z>5 indicate
that the evolution of the optical depth would become steeper
as we increase redshift.
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