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The Cosmic web identification

DisPerSE

geometric 3D ridge extractor

® discrete data sets

scale and parameter-free
® Delaunay complex & DTFE
discrete Morse theory

® persistence theory

GAMA (Driver et al. 2009, 2011) DisPerSE (Sousbie et al. 2011)
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The Cosmic web metric

’ Dsaddle

CW metric
void ® D - closest filament
® D, - closest wall
® D, 4. - filament's node
® D..qai. - filament's saddle
L]

® nodes - connectivity
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— Interpretation —

... hints from the excursion set theor

mass

accretion rate

Large-scale tides

- impact on the assembly history of halos

mass
accretion rate
formation time

direction of filament

depend on the

Musso et al. 2018
see also e.g. Dalal et al. 2008, Hahn et al. 2009
Ludlow et al. 2014

direction of void Borzyszkowski et al. 2017
Paranjape et al. 2018

saddle

Y
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— Stacking galaxies —
Stellar mass

Iso-contours

log M,

® radial & angular dependence
® saddles: min longitudinally
® saddles: max transversally

® higher M, in filaments vs voids

o hi .
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— Stacking galaxies —
Hidden variable: My, & p?
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— Stacking galaxies —
Hidden variable: My, & p?

Mhalo = 14 a4 f(Mhalovp)
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— Stacking galaxies —
Hidden variable: spin advection?
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x [Mpe/h)

vorticity

see also Pichon et al.

Codis et al
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— Stacking galaxies —

Hidden variable: spin advection?
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Filaments

T T T
1.2+ 9.5 [./Mg) 0.0 4
0.0< log(M, /M) < 10.5
10.5< log(M./Ms,) < 11.0
1L1F 1
N
g0  — ‘\‘)i
cos 0,
I D A
0.501
0.499
0.8 0.484 1
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- massive galaxies tend to have spin L
- low-mass galaxies tend to have spin ||

consistent across different simulations

[t
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Simba: Kraljic et al. 2020a
Horizon-AGN: Dubois et al. 2014, Codis et al. 2018

Illustris: Wang et al. 2018
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— Angular momentum vector —
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Filaments
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- massive galaxies tend to have spin L
- low-mass galaxies tend to have spin ||

consistent across different simulations

Simba: Kraljic et al. 2020a
@ Horizon-AGN: Dubois et al. 2014, Codis et al. 2018
lllustris: Wang et al. 2018
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— Angular momentum vector —

also
- massive halos tend to have spin L
- low-mass halos tend to have spin ||

e.g. Hahn et al. 2007
Codis et al. 2012, Kraljic et al. 2020a
Ganeshaiah Veena et al. 2018
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Filaments — Angular momentum vector —
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0.} D B
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0.8f 0484 i
I I I i o
0.0 0.2 0.4 0.6 0.8 1.0
L [cos O] ||
also
- massive galaxies tend to have spin L - massive halos tend to have spin L
- low-mass galaxies tend to have spin || - low-mass halos tend to have spin ||
consistent across different simulations
Simba: Kraljic et al. 2020a e.g. Hahn et al. 2007
@ Horizon-AGN: Dubois et al. 2014, Codis et al. 2018 Codis et al. 2012, Kraljic et al. 2020a
Illustris: Wang et al. 2018 Ganeshaiah Veena et al. 2018
0.2
I } > LTGs e.g. Tempel et al. 2013, Kraljic et al. 2021 vs Lee & Erdogu 2007 Il
o SDSS, MaNGA redshift ~ SOs  eg. Tempel et al. 2013, Pahwa et al. 2016, Kraljic et al. 2021 s
Mass  Welker et al. 2020 (galaxy), Barsanti et al. 2022 (bulge) transition
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Walls — Angular momentum vector —

1.2} 9.5< «/Mg) <10.0 B
/M,

. (cos 0)
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0.8 0.519 1

! !
0.2 0.4 0.6 0.8 1.0

.0
H [cos By —g] J_

- massive galaxies tend to have spin L
- low-mass galaxies tend to have spin ||

consistent across different simulations

Simba: Kraljic et al. 2020a
Horizon-AGN: Codis et al. 2018
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- massive galaxies tend to have spin L
- low-mass galaxies tend to have spin ||
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Simba

consistent across different simulations

Kraljic et al. 2020a
Horizon-AGN: Codis et al. 2018

Nodes Conclusions
00000 0000

Filaments & Walls
000000000000 e

Motivation
00000

— Angular momentum vector —

also
- massive halos tend to have spin L
- low-mass halos tend to have spin ||

see Codis et al. 2015 (conditional Tidal Torque Theory)
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WEIS
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- massive galaxies tend to have spin L
- low-mass galaxies tend to have spin ||

consistent across different simulations

&2

0.2

L ] >
r T i

SDSS redshift

Simba: Kraljic et al. 2020a
Horizon-AGN: Codis et al. 2018

Mass
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000000000000 e

— Angular momentum vector —

also
- massive halos tend to have spin L
- low-mass halos tend to have spin ||

see Codis et al. 2015 (conditional Tidal Torque Theory)

Lee & Moon 2023 (spirals)
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— Stellar mass —

T T T T T
—— SDSS
0.25 ---- HORIZON-AGN |
ooF | | T SIMBA -
<015} .
A,
0.10H == E
0.05F l b
1 1 L
00 —33 5 10 15
connectivity &
Kraljic et al. 2020b
see also e.g. Darragh-Ford et al. 2019 for BCGs
Aragén-Calvo et al. 2010, Gouin et al. 2021 for halos
see Codis et al. 2018 for GRF Sarron et al. 2019 for clusters
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Kraljic et al. 2020b

see also e.g. Darragh-Ford et al. 2019 for BCGs
Aragén-Calvo et al. 2010, Gouin et al. 2021 for halos

Sarron et al. 2019 for clusters
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