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Unveiling the Cosmic WEB
in Millennium 2

MS2 - Boylan-Kolchin et al.



  

- The mass – 
environment relation

- The clustering bias 
induces mass-
environment bias

- If MW is a wall-nation 
galaxy it is already rare 
(<~10 %)

THE COSMIC WEBTHE COSMIC WEB
Who is living where?Who is living where?



  

Pairwise velocities – cosmic dance of galaxies

Galileon Gravity

   2009 – 2013

You have been 
a good friend !

BBGKY=Bogoliubov–Born–Green–Kirkwood–Yvon hierarchy



Modified gravity – pairwise velocities

Galileon Gravity

   2009 – 2013

You have been a good friend !
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Hawkins et al. 2003
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Pairwise velocities – cosmic dance of galaxies

Ferreira, Juszkieiwcz, et al. 1998



  

ModGrav – why bother?

Cosmic acceleration

Pure dark energy models Modified gravity models

GR  +  unknown 'Dark Energy' 
with repulsive gravity.

Modifications to GR can accelerate 
the Universe.

Basic requisites:

 Preserve the standard past radiation and matter dominated eras

 Cannot modify gravity in the solar system, where GR is very successful.



  

Standard LCDM model

No acceleration

Global expansion – possible scenarios
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Standard LCDM model

No acceleration

Global acceleration – possible scenarios

GR curvature term

Particle physics and 
DM

Stuff that accelerates



  

Hu & Sawicki(2007) 
parameterization:

The f(R)-gravity model
The Ricci scalar R in the Eisenstein-Hilbert action is 
generalised to a function of R. f_R=df(R)/dR is the extra 
scalar degree of freedom, dubbed as scalaron.

The Ricci scalar R in the Eisenstein-Hilbert action is 
generalised to a function of R. f_R=df(R)/dR is the extra 
scalar degree of freedom, dubbed as scalaron.

The Poisson and scalaron 
equations for growth of structure:

Effectively two free parameters of the f(R) gravity:
                                 
           and n. We consider simulations with |fR0|=1e-4,1e-5 F4,F5,etc

Effectively two free parameters of the f(R) gravity:
                                 
           and n. We consider simulations with |fR0|=1e-4,1e-5 F4,F5,etcξ≡

c1

c2
2



  

The Galileon origins
Galilean shift transformation

In 4D Minkowski

There are only 5 theoretically acceptable galilean-invariant Lagrangians.
Nicolis et al. (2009)
(Over 400 citations)

After covariantization
(Defayet et al. 2009)

Acceleration of the Universe after 
radiation and matter domination.

Vainshtein mechanism  suppresses 
modifications on small scales.

De Felice & Tsujikawa (2010)Vainshtein (1972)



  

The Galileon model

Potential term; not interesting

Cubic Galileon 
(c4=c5=0)

Quartic Galileon 
(c5=0)

Quintic Galileon 
(Most general)



  

RSD power spectrum and the conspiracy of the damping tail

Scoccimarro 2004 (PRD 70,8)



  

RS power spectrum and the conspiracy of the dumping tail

The spatial clustering signal gets diminished in the redshift space!The spatial clustering signal gets diminished in the redshift space!
Hellwing et al. 2013 (in prep.)



  

Baryons make everything more complicated...

The clustering enhancement is degenerate with baryonic feedbacksThe clustering enhancement is degenerate with baryonic feedbacks

Puchwein et al. 2013 



  

Cosmic gravitational instability and velocity-density relation

Here f = dln D+/dln a=a/D+ dD/da

Peebles ansatz:
f=f(Ω)~Ω^0.6
Modern version: f~Ω^0.55

Expressing the differential form 
in Fourier space yields:
<θ^2>=f^2<δ^2>, or 
Pθθ(k) = f^2P(k), here θ = div v



  

ModGrav Smoking gun? ArXiv:1401.0706

Galileon Gravity

   2009 – 2013

You have been 
a good friend !



  

ModGrav Smoking gun? 

You have been 
a good friend !

Hellwing et al. (2014,PhRL) ArXiv:1401.0706

Illustrative error:
1σ in z ~60-80 km/s (like 
in 2dFGRS and SDDS)



  

A smoking gun for ModGrav?

You have been 
a good friend !
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Modified gravity – pairwise velocities

Galileon Gravity

   2009 – 2013

You have been a good friend !

v1 v2

L.O.S.

u2

u1

Hawkins et al. 2003



  

Modified gravity – the smoking gun!



  

Conclusions
- The LSS/Cosmic Web environment is much more 
complicated than just background density
- The Cosmic Web is a  *REAL* existing entity which 
manifests itself in strongly different cosmic flows in 
different morphological elements
- The pairwise velocity distribution gets it's non-
Gaussian character mostly due to galaxy/halo motions 
in walls and filaments
- The dynamics of the Cosmic Web embodied in large-
scale galaxy distribution is rich source of cosmological 
information and potentially powerful tool to study 
Universe
**ANNOUNCEMENT** Check your conference schedule 
for the summer of 2015 – The 1st Roman Juszkiewicz 
Symphosium, Warsaw, Summer 2015
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