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Why the cosmic web?

Present distribution of
dark and ordinary matter - r

The life stages of a galaxy B
Galaxies evolved hand in hand with the large-scale structure of

the universe. After the big bang, dark matter (blue) and ordinary matter
(gold) filled space unevenly. The dark matter then began to coalesce
under its own gravity into a scaffolding of clumps and filaments known as
the cosmic web. Computer models show how ordinary matter poured
into the clumps to form the first small, irregularly shaped galaxies, which
grew over time in mergers.
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The galaxy settles down. As it ages further, the Cosmic Web

radiation from the central black hole will eventually
drive out gas, bringing star formation to a hait.
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Central

The seeds of galaxies Asstars turn on, the .
lie in dense clumps first small protogalaxies black holes
of dark matter called : emerge, lumpy and ra OW
haloes, which draw in ; pickle-shaped. Streams
the hydrogen gas that ] of cold gas, flowing along
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their central black holes.

SS15 : Cosmic filaments in the Universe




The matter/galaxy distribution in large scale
The Cosmic Web
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Filaments are the most significant structure within CW



How to describe the cosmic web

Method Web types Input Type Main references

Adapted minimal spanning tree (MST) Filaments Haloes Graph and percolation Alpaslan et al. (2014a)

Bisous Filaments Haloes Stochastic Tempel et al. (2014, 2016)
FINE Filaments Haloes Stochastic Gonzalez & Padilla (2010)

Tidal shear tensor (T-web) All Particles Hessian Forero-Romero et al. (2009)
Velocity shear tensor (V-web) All Particles Hessian Hoffman et al. (2012)
CLASSIC All Particles Hessian Kitaura & Angulo (2012)

NEXUS-+ All Particles Scale-space, Hessian Cautun et al. (2013)
Multiscale Morphology Filter-2 (MMF-2) All except knots Particles Scale-space, Hessian Aragon-Calvo et al. (2007a)
Aragon-Calvo & Yang (2014)

Spineweb All except knots Particles Topology Aragon-Calvo et al. (2010c)
DisPerSE All except knots Particles Topology Sousbie (2011)

ORIGAMI All Particles Phase space Falck et al. (2012); Falck & Neyrinck (2015)
Multi-Stream Web Analysis (MSWA) All Particles Phase space Ramachandra & Shandarin (2015)

The main driver of this paper 1s to quantify 1n a systematic way
both the similarities and differences between cosmic-web finders.
There 1s no well-motivated common framework to objectively de-

fine the constituents of the cosmic web, so there 1s no way of judging
which methods are successful or which ones are — in some objec-

tive way — ‘better’. As such, the goal 1s to compare the output of
the various methods to better relate studies that use different web

LLibeskind et al. 2018
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How to measure filament spin
Measuring a galaxy’s rotation Measure the red/blue shift of

within a galaxy
" Galaxies receding from observer

Bludshifted  /
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B mf\ Credit: Roan Hagger/Abstrobites + Peng Wang
c V- AN Measure the red/blue shift of

Shorter <«— Wavelength —> Longer

As a galaxy rotates, the material moving away from us shows a redshift in the wavelength of any emitted

light (red arrow). Material moving toward us shows a blueshift (blue arrow). By measuring these shifts - h - f - I
across a galaxy, astronomers can determine its rotation. asmowour roex ety W It I n a I a.l I le nt




Filament spin signal
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Filament spin signal

Galaxy dynamic ‘temperature'’
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Wang et al. Nature Astronomy 2021



Filament spin signal

approaching
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Filament spin signal

approaching
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Filament rotation: obs. v.S. simul.

SDSS DR12 TNG300-1
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Wang et al. Nature Astronomy 2021 Wang et al. in prep.






Filament boundary

Counting the galaxy number density
In the r+dr cylindrical shell

Galaxy sample: MTNG

Filament: DisPerSE




Filament boundary

1. Matter density profile 2. Slope of matter density profile 3. Radius of filament
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Wang Wei et al. 1n prep.
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R (z>2) decreases from collapse
R (z<2) increases from accretion

7
O
Q
=z
—
+
-
o
LS,

Filament radius increases
after z~2 was dominated by
fillaments

Wang Wei et al. 1n prep.



Bigger R close to cluster

Wang Wei et al. in prep.
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Galaxy spin correlated with filaments
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Galaxy spin-filament correlation on filament spin properties
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spinning, cold filaments have more impact on galaxy spin-filament

correlation.




A two-stage model ot halo spin-filament correlation

Galaxy spin

Filament spin

Redshift Redshift OngOlng & fUture
Wang & Kang 2018 work!



Summary

1. The cosmic filament rotates itself suggests
that AM can be enerated on very large
scales '

Sty
3. We give the filament radius at ~1 Mpc/h

4. Filaments have a significant effect on
galaxies’ spins

Thanks! & Questions?



