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Galaxies Do Live in Cosmic Web

MareNostrum 
(borrowed rom Christophe Pichon’s slide)



Gas alon  Cosmic Web

NUT zoom-in simulation (Slyz, Devriendt+ 2010)

Dark matter Gas



Gas alon  Cosmic Web

Martin+ (2015, 2016)
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Searchin  or the unique role o  filaments

Galaxy properties
= (dfil | Mh, local density)

Horizon-AGN sky map ( as density in blue and alaxies with white circles)
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Horizon-AGN
● Cosmolo ical hydrodynamic simulation
● (100cMpc/h)3 box
● 10243 dark matter particles
● Maximum resolution 1pkpc
● Feedback rom stellar winds, 

SN type II and Ia, and AGN

Dubois+(2014), horizon-simulation.or



Filament Extraction
● DisPerSe

○ Discrete Persistent Structure Extractor
○ Sousbie (2011), Sousbie+ (2011)

● Dark matter particle distribution
○ Delaunay tessellated density field

● Persistence level o  7 si ma

(c) Christophe Pichon

5 si ma versus 7 si ma



Galaxy Sample
Mass complete

Central alaxies (cluster alaxies excluded)

Subsampled by dfil/Rvir

On-filament
Off-filament



To o beyond halo mass

Median trend
with 1 si ma scatter

Offset rom
median trend

normalized by scatter

= RESIDUAL (Δ)



Impact o  Cosmic Web on Galaxy Mass Assembly
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Why alaxy mass assembly 
is least efficient at closest 
distances rom filaments?
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Gas Trans er Hindered Within Halos

Halo close to filament



Gas Trans er Hindered Within Halos

A halo close to filaments

Lar e an ular momentum 
in the outer halo



Gas Trans er Hindered Within Halos
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Lar e an ular momentum 
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Gas Trans er Hindered Within Halos

A halo close to filaments

Lar e an ular momentum 
in the outer halo

Gas trans er to the inner halo
(to the alaxy) hindered

The alaxy at the center
cannot orm stars efficiently!

Gas rich

Gas poor



Quenchin  at the Ed es o  Filaments

On-filament
halos

Gas density
residual

An ular 
momentum
residual

Stellar mass
residual

SFR
residual

Quenchin  at the 
ed es o  filaments



Hi h Vorticity at the Ed es o  Filaments

Lai le+ (2015)

Vorticity map

Like a spinnin  top?

Filament

Vorticity

Halo



Morpholo ical Quenchin , too?
Stellar compactness
=stellar density within 0.02Rvir/within 0.2Rvir

SFR-outer halo as spin

Inner-outer halo as densities



Summary
● We have disentan led the effects o  halo mass, local density, and 

distance to filaments on stellar mass and SFR at a hi h redshi t 
usin  Horizon-AGN.

● We have ound quenchin  at the ed es o  filaments due to 
inefficient as trans er within a halo.
○ It is due to lar e an ular momentum o  outer halo as,
○ Which is seemin ly due to hi h vorticity at the ed es o  filaments.
○ We have also ound a hint o  morpholo ical quenchin .

● Further investi ations bein  conducted by trackin  individual 
halos in time (Hannah’s talk this mornin ), and will be conducted 
with hi her resolution simulations and or lower redshi ts

Thank you or your attention!


