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History and current status
– Consortium created in 2021 in 

the context of the EU Horizon 
infrastructure concept call 

– Resubmission of a proposal to 
Horizon 2024 with success

– Preparation of preliminary 
design (2025-2028) 

– Not an ESO project yet 
– But fully supported by ESO 

community 
– First light: ~2040



Timeline for the EU Horizon Grant 
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Preparing the ESO call for project after ELT
– Three year project ⇒ Full design of WST (telescope and instruments)
– Perfectly in line with ESO call



Science with WST – Four main topics 
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– Cosmology: mainly LSS for z>2
– Extragalactic: Cosmic web and its time evolution
– Galactic: Origin of elements
– Time domain: Gravitational waves with EM counterpart



Key numbers for a cosmological program 
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Telescope:
– 12m
–  Cassegrain focus
– Segmented mirror
MOS:
– ~20000 positioners
– LR spectrograph

• R ~3000-4000
• Dl: 370-970 nm

IFS:
–  Integral field 

spectrograph 
– 3x3 arcmin2



will complement the DESI observations in redshift range and sky-coverage. The 4-meter
Multi-Object Spectroscopic Telescope (4MOST; de Jong et al. 2019; Richard et al. 2019b)
aims to cover the Southern-Hemisphere (not covered by DESI ) targeting Bright galaxies (BG),
LRGs, and QSOs. The Subaru Prime Focus Spectrograph (PFS; Takada et al. 2014) focuses
on a smaller footprint of 1’400 deg2 mapping galaxies and quasars at 0.8 < z < 2.4. The
Euclid space mission (Laureijs et al. 2011) is about to start its survey including measuring
grism-spectra of 0.9 < z < 2 galaxies. In addition to the attempt to di↵erentiate dark energy
models, spectroscopic surveys in the current stage also explore new questions in cosmology:
Is the Gaussianity assumption of the primordial universe a valid assumption? What is the
hierarchy of neutrinos?
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Figure 40: Left panel: Progress in wide cosmology spectroscopic redshift surveys from year
2000 to 2050. The dashed-line is qualitative and shows the improvement of the number of
galaxy spectra over the years, the slope is fitted to the points and corresponds to a gain of
a factor ⇠ 8 in the number of redshifts every 10 years. The colour scale indicates the mean
redshift of each survey. Note that the di↵erent stages indicated at the top of the figure refers
to the nomenclature of the Dark Energy Task Force report (Albrecht et al. 2006). Right panel:
Comparison of the number of linear modes probed by di↵erent surveys. The width of the
horizontal bars gives the redshift range of the targets, with the abscissa of the circle marker
corresponding to the e↵ective redshift, and the ordinate being the number of linear modes
probed.

To further address these unknowns, the cosmology redshift survey community is ad-
vocating Stage-V spectroscopic surveys such as MUltiplexed Survey Telescope (MUST11),
MegaMapper (Schlegel et al. 2019), MaunaKea Spectroscopic Explorer (MSE; Hill et al. 2022;
The MSE Science Team et al. 2019) and WST. Using large aperture (> 4meter) telescope(s)
those surveys plan to use Lyman Break Galaxies (LBGs) and Lyman-alpha emitters (LAEs)
to extend the precise large-scale universe mapping up to redshift 5 in the next decade(s),
enabling the observation of the linear modes in the primordial universe (Schlegel et al. 2022).
DESI collaboration also prepares for an extension of DESI (DESI-II; P5 report12) as a pilot

11
https://must.astro.tsinghua.edu.cn

12
https://www.usparticlephysics.org/2023-p5-report/assets/pdf/P5Report2023_121023-DRAFT_
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Progress in Spectroscopic Surveys 
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– Exponential increase in the number of redshifts
– 50,000 LRGs in SDSS-I (2005) , 40M redshifts in DESI (2025)
– Mean slope: a factor ~8 in the number of redshifts every 10 years
– Increase in redshift range: SDSS-I (z<0.5)  Stage V (z>2)

Stage V



Motivations for Stage V projects 
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Science case in LSS for stage V
• H0 tension: Early Dark Energy
• Dynamical EoS of Dark Energy
• S8 tension: Growth of the structures  
• Inflation: Scale dependence of bias, bi-spectrum
• Neutrino masses

Future spectroscopic surveys require 
mapping 2<z<4.5  (even 2<z<5.5) Universe
• Larger redshift range and therefore volume
• Several projects 

– Spec-S5: twin 6m telescopes with 13,000 robotic positioners
– MUST:  6.5 telescope with ~20,000 robotic positioners
– WST: ~12m telescope with ~20,000 robotic positioners

• New-developed technologies ⟶ x10 modes compared to DESI and Euclid



Instrument (year) Primary/m2 Nfiber Reflections Product Speed vs SDSS
SDSS (1999) 3.68 640 0.92 1908 1.00
BOSS (2009) 3.68 1000 0.92 2980 1.56
DESI (2020) 9.5 5000 0.91 42,750 22.4
PFS (2024) 50 2400 0.91 108,000 56.6
4MOST (2024) 12 1624 0.92 15,800 8.3
MUST (2030) 28 20,000 0.92 454,000 238
Spec-S5 (Twin DESI) (2035) 30⇥2 13,000 0.91 702000 368
MSE (2040) 78 3249 0.91 228,000 119
WST (2040) 105 20,000 0.92 1,701,000 891

Table 1. Survey speeds for multi-fiber spectrographs as measured by the product of the telescope
clear aperture, number of fibers and losses from mirror reflections.

• MSE [13]: the Maunakea spectroscopic explorer is a wide-field (1.5 deg2), optical and
near-infrared facility that should replace the 3.6-m Canada-France-Hawaii Telescope
(CFHT) on the summit of Maunakea. It is equipped with moderate resolution spec-
trographs which can observe simultaneously ⇠ 3250 spectra. Following discussions on
the lease of the site, the project is somewhat on hold. The DPhP group involved in the
development of the cosmology-related science case has withdrawn from the project for
the time being.

• Spec-S5 [8]: the Stage 5 Spectroscopic instrument is an American project that was
presented to the P5 committee of DOE. It relies on the community that was in SDSS
(BOSS and eBOSS) and DESI. There are two options: 1) Two upgraded DESI operating
in parallel on two sites (Mayall Telescope at Kitt peak (Arizona) and Blanco Telescope
and Cerro Tololo (Chile)) 2) MegaMapper [14], a 6.5m telescope with 26,100 positioners.

• WST [15]: the wide-field spectroscopic telescope is a project, driven by ESO commu-
nity. This is a 12m telescope with simultaneous operation of a large field-of-view (3.1
deg2) and high multiplex (20,000) multi-object spectrograph facility with both medium
and high resolution modes (MOS), and a giant panoramic integral field spectrograph
(IFS).

The last two projects on the above list correspond to the two projects in which the
group wishes to participate. They are discussed in detail in the next section.

5.1.2 Scientific forecasts

All options for future projects give roughly the same results. What changes is the time to
achieve them. In fact, to compare projects, the notion of speed defined in Table 1 is essential.
In practice, as an example, the results obtained in 10 years by the Spec-S5/MegaMapper
option can be achieved in less than 4 years for the WST option. If MegaMapper starts in
2035 and WST in 2042, both projects will have similar scientific potential in 2045.

Starting from the three most important scientific cases defined in Section 2.2, we can
summarize the forecast for these future Stage 5 spectroscopic surveys in three striking points:

• the parameter fLocal
NL , representing the non-Gaussianity of the primordial gravity field,

will be measured with a precision better than 1. The precision around 1 is crucial as it
allows single-field and multi-field inflationary models to be distinguished.

– 11 –

Telescopes for cosmology by 2035 
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How to read the table? FoM?
– Speed = Surface x Number of positioners 
– WST is ~2.5 times faster than Spec-S5
– Timescale: Spec-S5~ 2035  /  WST ~2040



Figure 41: Schematic light-cone representation of the WST Cosmology Surveys. WST unique
feature is its capacity to probe large-scale structures with galaxies in the redshift range 2 <

z < 7. MOS-LR targets will probe the range 0 < z < 5.5 while IFS will probe thousands of
pencil beams with LAEs up to z ⇠ 7.

6.2.1 Dark energy, growth and BAO

Galaxy clustering is, to date, a key probe in cosmology to constraint Dark Energy with the
measurement of the scale of baryon acoustic oscillations (BAO) and gravity by measuring
the growth rate of structure, f , using redshift space distortions induced by peculiar velocity
of galaxies. The BAO scale was measured with first detection by Sloan Digital Sky Survey
(SDSS) (Eisenstein et al. 2005) and 2dFGRS (Cole et al. 2005) and further investigated with
SDSS/BOSS and eBOSS (Alam et al. 2021). DESI will provide precise measurement of the
BAO scale and the growth rate of structure f over a broad range of galaxy redshifts from
0 < z < 1.6 (Adame et al. 2024).

WST will similarly be able to constrain the scale of the BAO and the growth of structure
with unprecedented precision in a new redshift window: 2 < z < 5.5. Galaxies such as LBGs
will be used to map the universe then dominated by matter, measure the expansion that
is decelerating and probe the structures growth with high e�ciency (assuming a standard
flat-⇤CDM model). WST will also improve significantly the z < 1.6 constraints from Stage

single-pages.pdf

123

Volume to explore with WST 
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– A legacy low-z (z<1.6) redshift survey (cluster of galaxies, 
extragalactic transients, cross-correlation with other surveys (HI 
and CMB maps, Weak lensing),  science of cosmic voids…)  

– A z>2 galaxy and quasar survey (Lyman-Break galaxies, LBG 
and Ly-a Emitter Galaxies, LAE) 

LBGs
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Selection of z>2 galaxies
-

Validation 
with Pilot Surveys



LBG selection with u-dropouts
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Principles
– Redshift range:   2<z<3.5
– Use the flux decrement bluewards of the Lyman limit due 

to HI absorption
–  Need a deep u-band:  LSST/Rubin In South

Credit: Anand Raichoor



Future Imaging in South

Action Dark Energy,  October 30, 2024
Slide 13

Ch. Yèche 

– LSST-Rubin will be available at the time of WST
– Footprint ~15,000 deg2 
– Depth (10 years), u: 26.1, g: 27.4, r: 27.5, i: 26.8, z:26.1, y:24.1
– Proof of principle with DESI and with CLAUDS imaging 



Deep u-band imaging with CLAUDS for pilot survey
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Strategy
– u-dropout with CLAUDS in COSMOS and XMM fields
– Ultra-deep u-bands: u-depth better than ~27-27.5
– The depth is sufficient to validate the imaging that will be 

available for future spectroscopic surveys (Spec-S5, WST,….)

CLAUDS 5

Figure 3. Depth and areal coverage of the CLAUDS data. The E-COSMOS field contains data in two U-band filters (u⇤ and u) which
are stacked separately; these are shown as two panels in this Figure. Black circles represent the nominal Subaru HSC pointings of the
HSC-SSP. Dashed lines mark the extent of the CLAUDS Deep data, and dotted lines that of the CLAUDS UltraDeep. See § 3.2.1 for
details of the depth measurements.

MNRAS 000, 1–17 (2019)

CLAUDS 5

Figure 3. Depth and areal coverage of the CLAUDS data. The E-COSMOS field contains data in two U-band filters (u⇤ and u) which
are stacked separately; these are shown as two panels in this Figure. Black circles represent the nominal Subaru HSC pointings of the
HSC-SSP. Dashed lines mark the extent of the CLAUDS Deep data, and dotted lines that of the CLAUDS UltraDeep. See § 3.2.1 for
details of the depth measurements.

MNRAS 000, 1–17 (2019)
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Pilot survey with DESI
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– 15000  LBG Targets observed with DESI
– Two observed fields (COSMOS and XMM)
– Exposure time: from 2 hours to 5 hours
– Results in two papers: 

• Ruhlmann-Kleider V. et al., arXiv:2404.03569 (validation of u/g dropout) 
• Payerne C. et al., arXiv:2410.08062 (u dropout with CFIS)



Redshift and Efficiencies
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– Excellent agreement between photo-z and spectro redshifts
– Total efficiency >70% for 2 hours and z>2.8 (<0.5h with 12m Tel.) 
– Low efficiency for z<2.5, two possible origins:

• Lower SNR due to degraded throughput of the instrument in blue
• Lower fraction of Ly-a emission (galaxy evolution)



Clustering with LBGs
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– With a refined LBG sample  (purity~95%)
– Enough LBGs to get an estimate of LBG bias
– At z=3, b ~3.3± 0.3 ⇒ Used in the forecasts



g-dropout with HSC and DESI
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– Same principle: ugr bands ⟶ gri bands
– Spectro-redshift  distribution  (3.5<z<4.5)
– Efficiency: ~20% with 2 hours and ~35% with 5.5 hours
– For 12m telescope, it will require ~1 hour to get a 

efficiency at ~50%
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Forecast for WST



LBG surveys – n(z) 
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– u/g/r dropouts to select LBGs ⇒ redshift  2.0<z<5.5 
– r-dropout possible with 12m telescope	⇒ Eff=50% for 2 hours
– Overlap with QSOs distribution and CMB lensing kernel

Figure 4: Expected spectroscopic redshift distribution of galaxies for the high-z survey. Green
dashed-lines show the qualitative parameter nP (k = 0.1, k = 0.2) = 2 and the grey dashed-
line shows the CMB lensing kernel as a function of redshift.

DESI predicted results (solid light blue line). WST will also significantly improve the f�8

measurements at low-z compared to DESI (in particular with the 0.6 < z < 1.6 ELG sam-
ple). At higher redshifts, the constraints from the LBG sample of WST cover a much larger
redshift range (2 < z < 5.5) compared to DESI-II (solid blue line) and Megamapper/MUST
(solid green line) but also perform significantly better on the overlapping redshift range, with
improvement between 30 to 300 %.

The precision on the growth rate of structure measurement, f�8, is improved by ⇠ 35%
compared to Megamapper/MUST over the entire redshift range 2 < z < 4.5 reaching a pre-
cision of < 2% around z ⇠ 3. For the BAO parameters, DA(z)/rs and H(z)rs, the precision
is significantly improved compared to DESI and DESI-II and will be 15 � 20% better com-
pare to Megamapper/MUST. The precision will reach up to ⇠ 0.4% and ⇠ 0.7% at redshift
2 < z < 3.5 for DA(z)/rs and H(z)rs respectively. The Lyman-↵ parallel survey will be
able to constrain radial BAO measurements to a precision of ⇠ 10% for the first time in a
redshift range 4 < z < 7. All the radial BAO results are propagated to a dynamical dark
energy forecast as in Sailer et al. (2021). We use the measurement of h(z) from BAO and
a CMB prior for �(!m) = 2.4 ⇥ 10�4. The constraints on dark energy can be written as
�

2
⌦DE

= ⌦2
m(z)(4�(log h(z))2 + �(log !m)2) (assuming a flat-⇤CDM universe matter domi-

nated, i.e. ⌦DE(z) + ⌦m(z) = 1). WST will also outperform the other foreseen spectroscopic
experiment (Megamapper/MUST), with better precision, measuring the fraction of DE at 1.5
% at redshifts 0.8–1.5 and 2–4 and over unexplored redshift range: 3 % at redshifts 4.2–5.

6

Mainieri et al., 2024, arXiv:2403.05398

u-dropout 
- r<25.0
- Exposure time < 0.5h
- Efficiency vs z: up to 70%

g-dropout 
- i<25.0
- Exposure time ~ 1h
- Efficiency: 50%

r-dropout 
- z<25.5
- Exposure time ~ 2h
- Efficiency: 50%

u-dropout 
g-dropout 

r-dropout
QSO



Dark Energy and structure growth 
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– DE content: for  2<z<4, almost at cosmic variance limitation
– Measurements up to z=5.5 (matter-dominated era)
– Indirect constraints on EDE models and exotic models

Figure 5: Forecast sensitivity of WST on BAO parameters DA(z)/rs (bottom left), H(z)rs

(top left), and on structure growth f�8 (bottom right) compare to DESI (light-blue lines),
DESI-II (darkblue lines), and Megamapper/MUST (green lines). The sensitivity of BAO
measurements is also propagated to a dynamical dark energy prediction �(⌦DE) (top right).
Contribution from the legacy survey (and z < 2 QSO) is shown in red dashed-lines, from the
high-z survey (2 < z < 5.5) in red solid lines. We also include the additional measurements
IFS, either from the cross-correlation with the MOS-LR in yellow dashed lines, and from
its auto-correlation in yellow solid lines (up to z ⇠ 7). The grey lines represent the cosmic
variance limit.

7

Configuration for WST
- Surface: 15,000 deg2
- Redshift range: 2.0<z<5.5
- Exposure time: 0.5h, 1h, 2h
- Dz binning: 0.1

WDE

fs8



Testing Inflation with Non-Gaussianity
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Description of the primordial potential F

𝜑 ∶ a gaussian random field
fNL

 : amplitude of the non-Gaussianity 

Φ = 𝜑 + 𝑓!". (𝜑# −< 𝜑# >)

Primordial Non-Gaussianity, a test of inflation
– Primordial fluctuations distributed almost Gaussian with the simplest 

slow-roll models fNL ~ O(10-3)
– But many alternative inflation models predict fNL > 1
– CMB is cosmic variance limited : s(fNL)~5

3D survey of galaxies
– Scale dependence of the bias at large scales in power spectrum
– Large volume (optimal for high-z), s(fNL)~1 (better with bi-spectrum) 

Ch. Yèche 
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Primordial Non-Gaussianities 
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– With u/g/r dropouts we can 
break s(fNL) ~1 barrier

– Sensitive to inflation models 
with multi-fields

– Gain  by adding   r-dropouts:
 s(fNL)=1.06 ⟶ s(fNL)=0.86 
– Possible with 12m telescope

Credit: William d'Assignies D.



Neutrino masses with cosmology
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Sm > 60 meV

Sm > 100 meV
Dm2 > 0 Dm2 < 0

Measurement of neutrinos masses with cosmological neutrinos
Ø Particles Physics: atmospheric and solar oscillations
Ø No constraint on absolute masses 
Ø Current constraint by cosmology (<~80meV at 95%)
Ø Normal hierarchy favored by cosmology: minimal mass~60 meV
Ø With s(Smn)~20/15 meV  → Precision better than 3s/4s

Cosmological 
neutrinos

current limit
<80meV at 95%



Neutrino mass 
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experiment (Megamapper/MUST), with better precision, measuring the fraction of DE at 1.5
% at redshifts 0.8–1.5 and 2–4 and over unexplored redshift range: 3 % at redshifts 4.2–5.

6.2.2 Probing fundamental physics: Neutrinos, Non-Gaussianities and Rela-
tivistic Doppler

Figure 45: Results of the MCMC forecast, in black, combining WST total LBG sample power
spectrum and Planck likelihoods. The power spectrum has been fitted employing the fully
nonlinear model up to kmax = 0.3 hMpc�1. Focusing on M⌫ , a comparison of the WST
survey constraints to those of all-sky space mission dataset is reported as well. Vertical lines
represent the fiducial values chosen for the dataset.

Neutrinos mass
The observation of flavor oscillations of atmospheric and solar neutrinos (Ahmad et al. 2002;

Fukuda et al. 1998) as well as oscillation studies at reactors and accelerators unequivocally
prove neutrinos to possess non-zero rest masses (e.g. Esteban et al. 2019), contradicting the
Standard Model expectation of them being massless. These experiments return a lower limit
on the total neutrino mass of 0.056 eV, while Tritium beta-decay experiments provide an
upper limit of about 1.1 eV on the electron neutrino (Aker et al. 2019).

In the context of the cosmological model, massive neutrinos contribute at low redshift
to the matter content and their free-streaming is responsible for a characteristic small-scale
suppression in the power spectrum of matter density perturbations. This feature has been

127

– CMB is sensitive to ∑𝑚"

– Degeneracy with Ω#/H0 
– BAO measures Ω# and 

breaks the degeneracies
– Full Shape analyses are 

directly sensitive to ∑𝑚" 

– With WST+Planck:
     s(Smn) ~17 meV



Neutrino mass with future CMB projects 
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Based on Sailer, 
Castorina, Ferraro & 
White, arXiv: 2106.09713 

– With LiteBIRD, expected error on s(t): ~0.02
– Sensitivity on Smn < 15 meV
– Measurement of Smn better than 4s 

Sensitivity expected 
with LiteBIRD



Relativistic Doppler 
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– With large amount of galaxies at high-z, galaxy clustering 
is sensitive to relativistic Doppler effect predicted by GR

–  Split in two sub-samples (bright/faint) based on ms

→ Cross-correlation between the two subsamples
–  4s/5s detection of relativistic Doppler with u/g dropouts

could expect in a multi-field inflation model. WST could then exclude a single-field inflation
scenario at least at the 3� level. The constraints can be further improved to �(fNL) ⇡ 0.36
by joining constraints with Megamapper/MUST, since the latter covers a di↵erent volume at
high-z. Stage-V spectroscopic surveys, and WST in particular, appear to be among the most
promising projects for advancing our understanding of the high-energy physics of inflation.

Figure 47: Left: cumulative statistical significance for the Doppler contribution in a faint-
bright cross-power spectrum measurement as a function of ms. Orange curves are expressed
in terms of i magnitude and refer to LBG g-dropout; whilst blue r magnitude-based lines
are for LBG-u samples. DESI-II (5000 deg2), Megamapper/MUST (15000 deg2), and WST
(15000 deg2) values are reported with triangles, diamonds and circles, respectively. Right:
Detection significance of relativistic Doppler contribution for WST LBG-g dropout sample.
The ��

2 variable is evaluated against a null hypothesis of no Doppler contribution in the
galaxy power spectrum. Colour code: blue, orange, and green respectively for the auto-
correlation power spectrum of total, faint, and bright samples; red is for the faint-bright cross-
correlation power spectrum. Being the maximum i magnitude of 25.5, we set the splitting
magnitude to ms = 24.5.

Relativistic Doppler e↵ect
The cosmic LSS is an invaluable test bench to study gravity. As such, it is continuously

probed to assess the reliability of our description of the gravitational interaction provided
by GR on both large and small scales. Fluctuations in number counts of galaxies—and,
in general, any other biased tracers of the LSS—are customarily described at the level of
linear perturbations in terms of the density contrast of matter fluctuations, modulated by
the linear galaxy bias, and redshift-space distortions. To these, the weak-lensing e↵ect of
cosmic magnification should also be taken into account, especially for high-redshift samples.
However, the proper relativistic treatment of galaxy clustering features a number of additional
terms that come from the de-projection of number counts on the past light-cone (Yoo 2010;
Bonvin & Durrer 2011; Challinor & Lewis 2011). Such terms are mostly subdominant but
become important on very large scales. Also, a probe to test GR is gravitational redshift
around galaxy clusters, which has been already measured in current surveys (Wojtak et al.
2011; Sadeh et al. 2015; Rosselli et al. 2023). In this context, the detection of a relativistic
e↵ect on the largest cosmic scales would therefore represent a confirmation of the validity of

130

LBG g-dropout sample



Another Tracer of Matter: Ly-a forest 
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– For z>2, cross-correlation with 
LAE and LBG tracers

– Use Ly-a forests of quasars 
(2.0<z<4.5)

– HI absorption in intergalactic 
medium (IGM) along the line of 
sight of quasars

– We expect low density gas (IGM) to 
follow the dark matter density

– Compute correlation function 
between HI ‘clouds’  

– Measure the location of BAO
– An option: use Ly-a forest of LBGs?

WST



Ly-a Forest of QSOs (and LBGs?)  
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– Compared to DESI with r>24: 60 deg-2  → 150 deg-2 
– With exposure time ~0.5h: SNR~2-3 per pixel
– Gain in BAO compared to DESI: factor ~2.5
– Warm Dark Matter: 15 QSOs (z>4.0) → >1000 QSOs (z>4.0)

1 kpc/h regime
achievable 
with WST

Current
status



Ly-a Tomography 
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– 3D map: use Ly-a forest as tracer of IGM for 2.0<z<3.5
– u-dropouts: 500 to 1000 LoS per deg2 with LBGs
– 150 LoS per deg2 with QSOs
–  Proto-clusters Science and Voids Science



Synergy with the IFU of WST 

Action Dark Energy,  October 30, 2024

Ch. Yèche 

Slide 31

Integral Field Spectrograph
– IFS: 3x3 arcmin2

– Synergy
• MOS: Ly-a tomography with LBGs
• IFS: resolved Ly-a emission   

MOS

IFS



Conclusions 
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Feasibility of a high-z survey with WST
– Validation of both the u-dropout and g-dropout 

selections for LBGs with DESI
– Provide a realistic scenario in terms of exposure time, 

target density, redshift success rate and galaxy bias.
Forecasts for WST

– ~8000-10000 targets per sq. deg. with LSST 10 years 
– Redshift range with LBGs:  2.0<z<5.5
– With u/g/r dropouts we can break s(fNL) ~1 barrier
– Measurement of Smn better than 4s 

Many other topics: Legacy low-z survey,  WDM, Ly-a 
tomography with Ly-a forest of QSOs and LBGs…. 


