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Cosmic Web
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Millennium simulation-z=0

https://wwwmpa.mpa-garching.mpg.de/galform/virgo/millennium/
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Bias
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Halo Assembly Bias
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Halo Assembly Bias: Older halos are found in
more clustered environments, while more recent
halos (late assembly) are found in more uniform
environments.



Halo Assembly Bias

Halo Assembly Bias: Older halos are found in
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www.thg-project.org

(Nelson et al. 2019)

% The lllustris project is a suite of
state-of-the-art cosmological galaxy
formation simulations. Each simulation in

-3 llustrisTNG evolves a large swath of a
% mock Universe from soon after the
Big-Bang until the present day while
taking into account a wide range of
physical processes that drive galaxy
formation.
%  TNG300, hydrodynamical simulations
have reached a sufficient volume and
~ACDM cosmology: i )
> " -. resolution to study clustering of all matter
TNG300-2  302.6° ol 0‘7274:(,8”: 0.800 components in The Universe on the
NDM 1250° h = 0.704. (Vogelsberger, et al. 2014) relevant scales.
Ilustris TNG:
Qn = 0.38089, Q;, = 0.0486, * Free Data acCess.
Qp = 0.6911, h = 0.6774

(Planck Collaboration, et al. 2016). 8




Cosmic Web Classification: General Methodology

1. Use CIC scheme to obtain the density field interpolated.

2. Apply Gaussian smoothing at a given scale.

3. Obtain the eigenvalues of for the Hessian matrix of the potential.

920

Tap = Or,0rg

> Tidal Tensor

4. The cosmic web classification is based on the signs of the eigenvalues of the Hessian of the
potential, evaluated at the positions of halos/galaxies with early and late assembly times:

Voids: All eigenvalues are negative.
Sheets: Two eigenvalues are negative, and one is positive.
Hahn et al (2007)

Filaments: Two eigenvalues are positive, and one is negative.

Nodes: All eigenvalues are positive. 9
S



Cosmic Web
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Cosmic Web: Tidal Anisotropy

Similar to Aseem Paranjape et al (2018) we use the Tidal Anisotropy (a) to
characterize the tidal environment

ap=(1+ 53)_1 q%

g>=0 —— Isotropy.

g’>>0 — Anisotropy.

regions (voids, clusters).
Large a values correspond to highly

enisotropic regions (filaments).

'Small a values correspond to isotropia

J
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Cosmic Web: Tidal Anisotropy b= A 00

Similar to Aseem Paranjape et al (2018) We use the Tidal Anisotropy (a) to
characterize the tidal environment

aR — (1 + JR)_i \ / qQR _____ Aseem Paranjape et al (2018)
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Cosmic Web: Tidal Anisotropy

Similar to Aseem Paranjape et al (2018) We use the Tidal Anisotropy (a) to
characterize the tidal environment

aR — (1 + 6R)_1 q% _____ Aseem Paranjape et al (2018)
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Cosmic Web: NEXUS - NEXUS+

NEXUS is an algorithm for the identification of cosmic web environments:
clusters, filaments, walls and voids. This is a multiscale and automatic
morphological analysis tool that identifies all the cosmic structures in a scale
free way, without preference for a certain size or shape.

! pc/h smoothing 4 Mpe/h smoohing NEXUS: tracing the cosmic web

I N 1 N | connection

Marius Cautun et al (2012)

The paper provides a description of the
algorithm but does not provide the
associated code, requiring
independent re-implementation



Cosmic Web: NEXUS - NEXUS+

1 Mpc/h smoothing 4 Mpc/h smoothing

2 Mpc/h smoothing Combining all scales

Marius Cautun et al (2012)




NEXUS: Cosmic Web Detection e

The NEXUS algorithm detects the point, line- and sheet-like structures for a
generic input field f. For large-scale structure, these features correspond to
clusters, filaments and walls. The NEXUS algorithm consists of the following six

Steps. N M < de < Ay

1. Applying a Gaussian filter of width R_

to the input field. s 0%fr ()

> Hin () =R, Oz;0z;
2. Computing the Hessian matrix
eigenvalues for the filtered field.

3. Assigning to each point a cluster,

A3 (=A1)0(—A2)0(—A3) cluster,
S=7T x ¢ |Aa]| 0(—=A1)8(—X2) filament,

filament and wall signature using the [A1] 0(=A1) wall,
Hessian eigenvalues. > X Sfiskes
7= {36 (1-|%) filament,
J o) (1 _ '«A\TDG (1 _ ‘”i‘fl) wall, Marius Cautun et al (2012)



NEXUS: Cosmic Web Detection e

The NEXUS algorithm detects the point, line- and sheet-like structures for a
generic input field f. For large-scale structure, these features correspond to
clusters, filaments and walls. The NEXUS algorithm consists of the following six
steps.

1. Applying a Gaussian filter of width R_
to the input field.

4. Repeating steps (1) to (3) over a range of

smoothing scales to construct the

scale-space representation of the field.

2. Computing the Hessian matrix
eigenvalues for the filtered field. 5. Combining the results of all scales to

obtain a scale-independent cluster, filament

and wall signature.  s(z) — max Sr, ().

levels n

3. Assigning to each point a cluster,
filament and wall signature using the
Hessian eigenvalues. 6. Using physical criteria to determine the

detection threshold corresponding to valid

environments.
Marius Cautun et al (2012)



Cosmic Web: NEXUS _tidal
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Red Cosmica: NEXUS _tidal
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Nexus_Tidal: Tidal Anisotropy

TNG300-2 Tl(lal '\msotlop\ NEXUS tidal Nmesh = 512

w2 S e ]| We found:
0.5 1. The detection of the Cosmic Web
structures and the calculation of
% tidal anisotropy in NEXUS depend
= 0.4 on the choice of L,
) el
< 0.3 2. Early-forming halos are found in
more anisotropic environments
compared to their late-forming
0.2 counterparts.
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Nexus_Tidal: Future Work ;

Improving Resolution: We plan to enhance the resolution by reducing the smoothing
scale L, to better capture the details of halo structures, improving the detection of
cosmic web features.

Studying Galaxy Properties: We aim to investigate galaxy properties that correlate with
the assembly time of their host halos, further elucidating the connection between galaxy
evolution and the underlying large-scale structure.

By refining the resolution and studying these correlations, we hope to gain deeper
insights into the role of assembly bias in galaxy formation. Specifically, we will explore
how the assembly history of halos influences galaxy properties, and how these properties
are spatially distributed within the cosmic web, offering a better understanding of the
environmental dependence of galaxy evolution.

Work in progress...
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