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Davé 2001, Rasera &Teyssier 2006

Hot accretion?

Cold accretion

Keres, 2005
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 Gas accretion :   
* Merging vs smooth accretion 
* IGM : Hot vs Cold mode  

  Feedbacks  
* AGN  driven / SN / stellar wind 
* quench or keep gas @ high T  Steidel+11

Galaxies :   Complex  interplay between
infall  -   SFR  -   feedback 

  The Cosmic Web
  contains most of baryons:
    10% in stars
 + 10% in CGM 
 + 80% in IGM as filaments 

Schiminovich + 07 

 Mapping CW is the key element to understand 
 the  co-evolution IGM - galaxies  

New Paradigm  for galaxy formation in CDM :
*  collapsing virialized gas forms a hot halo and
    slowly cools to fuel SF
* cold accretion flows  transports 104 K gas from CW filaments 
   to gal. disks: direct channel to fuel SF  &  transfer of AM

Proto disk at z~2.8 ;  Martin +16
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   -1-  with the IGM 
     * in emission with CIV, OVI…  lines in UV & X:  with FIREBALL (UV)  at z<2
   
     * in absorption  with Ly-a forest 
           with QSO and LBGs   : IGM tomography  at z>2
            
   

   Strategy to Map the Cosmic Web 

Lyα Forest Tomography with z ∼ 2− 3 Galaxies 5
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2 < xperp (h-1 Mpc) < 4
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Fig. 3.— Tomographic reconstruction of 3D Lyα forest absorption from our data, shown in 3 redshift segments in 3D (top) and projected
over 3 slices along the R.A. direction (bottom panels). The color scale represents reconstructed Lyα forest transmission such that negative
values (red) correspond to overdensities. Square symbols denote positions of coeval galaxies within the map; error bars indicate the
σv ≈ 300 km s−1 uncertainty on their redshifts. Pink solid lines indicate where 3 of the skewers probe the volume, with inset panels
indicating the corresponding 1D absorption spectra (top-hat smoothed by 3 pixels) that contributed to the tomographic reconstruction.

within our limited redshift range this effect is small.
The resulting map of the 3D Lyα forest absorption,

δrecF , is shown in Figure 3 as 3D visualizations and
slices projected over the xperp (R.A.) direction. A lot
of structure is obvious even within this small volume,
with overdensities (negative-δrecF regions) spanning co-
moving distances of ∆yperp ! 10 h−1 Mpc both along
the line-of-sight (e.g. from z ≈ 2.21 to z ≈ 2.23 at
yperp ∼ 8 h−1 Mpc) and across the transverse direction
(at z ≈ 2.43). The strong overdensities are typically sam-
pled by multiple sightlines at different background red-
shifts. This is illustrated by inset panels in the map slices
in Figure 3, where we show 3 examples of the 1D absorp-
tion field, δF , that went into the reconstruction — the
overdensity at a comoving distance of ≈ 3950 h−1 Mpc
and yperp ≤ 5 h−1 Mpc can be seen as clear dips in all
three of the spectra, which is unlikely to be caused by

pixel noise. Note that in moderate-resolution Lyα forest
data, significant ‘absorbers’ are typically due to blends
of clustered Lyα forest absorption and not individual ab-
sorbers (Lee et al. 2014b; Pieri et al. 2013). One also
clearly sees significant voids (dark blue regions) on scales
of ∼ 5− 10 h−1 Mpc.
As validation, we performed reconstructions on mock

data sets derived from simulations (e.g., L14). These
mocks have identical sightline configurations, resolution,
and S/N as the data, including random continuum errors
with 7% RMS. The resulting reconstructions are illus-
trated in Figure 4, compared with the ‘true’ absorption
field from the simulation. The good correspondence be-
tween large-scale features in the ‘true’ and reconstructed
fields gives us confidence that the real map (Figure 3) is
indeed probing LSS. However, the PDF of the simulated
reconstructions differed from the real map (c.f. black

Lee+2014
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(Guzzo + 2014)
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   Strategy to Map the Cosmic Web 

    -2-  with the Large Scale Structure  
       * Galaxy Redshift Survey  : wide range of sampling 
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4MOST

4

Mapping the Cosmic Web over cosmic time  

Galaxy Redshift Surveys 

Compilation of present and future surveys with their respective efficiencies to map the CW :  volume density 

*  future at ESO not optimal :   
  - VIMOS (decommissioned) .
  -   focus on 4MOST  z<1  
      12 million sources 20<V<22      
  - WEAVE  ?
  -  MOONS (+ MUSE …)  too small 
   
*  on-going  discussion at ESO for the need of 
     a dedicated  8-10m telescope (R. Ellis) ?

*  future of CFHT :  10m telescope MSE  ?
WEAVE missing  …
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Mapping the Cosmic Web over cosmic time  

Galaxy Redshift Surveys 

PFS will be unique in  the LSS reconstruction
 with high contrast  up to z~2 

 but 25 deg2 only!
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Mapping the Cosmic Web over cosmic time  

Keck, PFS , ELT   

2.3 3.0

IGM tomography

Galaxy Redshift Surveys 

   Euclid 
           WFIRST

Hα lines

CLAMATO 
Lee+2014

~1 deg2

Ly-α Emitters 
HETDEX   1  million LAE in 200 deg2 

?

*  Large Scale Surveys  :  HETDEX / DESI / Euclid / JWST     
*  High contrast mapping : IGM Tomography
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Mapping the Cosmic Web over cosmic time  

Keck, PFS , ELT   

2.3 3.0 4.5 8.0

IGM tomography

Galaxy Redshift Surveys 

   Euclid 
           WFIRST

Hα lines

CLAMATO 
Lee+2014

~1 deg2

Intensity Mapping

CONCERTO              

star formation with 
atomic [CII] line
 at 158𝜇m  (sub-mm)

up to reionization 

Ly-α Emitters 
HETDEX   1  million LAE in 200 deg2 

??

*  Very High Redshift with Intensity Mapping in sub-mm
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Mapping the Cosmic Web over cosmic time  

Keck, PFS , ELT   

2.3 3.0 4.5 8.0

IGM tomography

Galaxy Redshift Surveys 

   Euclid 
           WFIRST

Hα lines

CLAMATO 
Lee+2014

~1 deg2

Intensity Mapping

CONCERTO              

star formation with 
atomic [CII] line
 at 158𝜇m  (sub-mm)

up to reionization 

Ly-α Emitters 
HETDEX   1  million LAE in 200 deg2 

??

*  GECO involved  in almost all the future projects    
 joint effort around this thematic :    mapping tools + simulations  + theory + …
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The Influence of Cosmic Web on galaxy Evolution  


