Cosmic web or cosmic variance?
The impact on the large-scale environment on various dark matter observables
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From smooth background to specks -
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Non-relativistic DM:
- scale-free initial P(k);
- bottom-up (hierarchical) structure assembly

-=> DM haloes are self-similar
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PROMISE: | will show you that the Cosmic Web matters dearly if you
want to lower the systematic errors!

Resolving and assessing internal DM halo (and subhalo) 3 of —
properties is important for number of reasons: : i ol /// +/ — T |
. EZS /A +
N2 ;zo +/ .ﬁ +++ {§++
- internal halo/galaxy kinematics LK ¥
(core-cusp, too big to fail) [ P S

density profiles
(y-rays annihilation signal, X-ray decay, strong lensing)

shapes
(weak lensing, intrinsic alignments)

spins
(LSS alignment, TTT)




Indirect DM signals: where to look
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What is the Cosmic Web?

Complex Web is a pattern

emerges on Scales from ~1Mpc to 100s Mpc

in which matter, gas and galaxies aggregate

poses 4 main distinct “features”. compact nodes : 'I' i &S

(galaxy clusters) connected via ﬂfolﬁggre‘.'omam? B
between which flattened sheets stretch, e A - sl

wrapping around empty voids. WO




How to identify the Cosmic Web elements?

al

Standard answer:

use eigenvalues of density/velocity field Hessian matrix.

Pros: easy and straightforward

Cons: user dependent (scale and threshold), require fine tuning



Multi-scale approach in NEXUS (lll)

Combine the webs identified at various scales into a single map.
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Copernicus Complexio: zoom-in simulation suite

Mass resolution:
1.35x1 O5M®/h

Force resolution:
€=230 pc/h

high-res volume:
~2.2x10*(Mpc/h)3
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Concentration-mass: first look
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Concentration-mass: vmax-rmax
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Shape-web effect has a different nature though...
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Bonus track: subhaloes (means satellites!)
2=0,COM MW satellites would
cold dark matter reside in DM
subhaloes. The
/ numbers and
properties of those

we can predict from
simulations.

Project() in development with my PhD
student: Feven Marcos-Hunde

Bose, Hellwing, et al. 2016



subhaloes In the cosmic web (abundance)
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Subhaloes N the Cosmlc web (abundance\
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Satellites - subhaloes
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Example - effect on the ¥-ray annihilation radiation boost factors
from MW substructure

smooth main halo emission (MainSm)

Boost

0.50 e— s 2.0 Log(Intensity)

Springel et al. 2008

emission from resolved subhalos (SubSm+SubSub)

,~<<- Sanchez-Conde+14, My, =107% a=2.0
. —— All-volume y
- —— Nodes
b Filaments
— Walls
—— \Voids
_I_LLuud_l_uJJnﬂ_l_umﬂ_LLLuuLu_and_umﬂ_Luuuﬂ_JJ_uuu]_
foF 107 107 108 10 10T 102 100 107
M3o0 [M o /h]

Markos-Hunde et al. (in prep)



Conclusions:

DM haloes are sensitive to their environment (nature vs nurture)
Big massive haloes resemble ‘island universes’

Environment dependence moderate medians and variance of
Intrinsic properties

DM haloes and subhaloes self-similarity is broken by CWEB
Your (our) cosmic neighbourhood really matters!



Scale Space Analysis

* Smooth the field over the range of

relevant scales

* Select the characteristic scale of
a particular (local) morphological element

Structure A ratios

A constraints

Blob /l| = /lg = 113
Line A =H> A

Sheet 1> b=

/l'§<(): /12<0. /l|<0

/l_‘; < 0

Nexus/MMF formalism:

Aragon-Calvo et al. 2007
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Is the Cosmic Web a useful concept?

clear manifestation in controlled environment
(i.e. simulations)

multitude definitions, identification algorithms
(i.e. lack of consensus in the community on common properties)

Milky Way

seen in observed galaxy distribution, but hard to
segment and analyse (RSD and selection effects)

if we can split observed galaxies/LSS into clear
CWEB segments, what will we learn?

Can adjusting for CWEB environment help to
control/reduce some systematics/cosmic variance?
For what observables?




So, why (or when and where) Cosmic Web matters?

Some ideas about this to provoke discussion:
- so-claimed LCDM problems (too big to falil,
missing satellites, plane of satellites, core-cusp?)

- DM signal modelling (annihilation from subhaloes,
dark subhaloes count)

- local galaxy/satellite statistics

- spin, shape alignment

- velocity fields statistics (local non-Gaussian
cosmic variance) Nl

- reconstructions (what we can learn from them? &8

- distance ladder and H tension

- more?




