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Cosmic Voids in the Large-Scale Structure: ID & motivation

Cosmic voids are vast under-dense regions filling most of the volume of the present-day Universe.
With sizes spanning from tens to hundreds of Mpcs, they are the largest observable structures in
the cosmic web.

Voids constitute a unique cosmological probe: their interiors, spanning large scales and featuring
low matter density, make them particularly suited to study dark energy and modified gravity,
massive neutrinos, primordial non-Gaussianity, etc.
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Dark Energy: background evolution and growth of structures

Equation of state: P = w(a)p, d(pa®) = —3Pa’da

poE(a) = poexp [—3 /al da*(fl(l +w(a’))

e w(a) = —1 Va = cosmological constant

@ Evolving w(a) with w(a) < 0 = dynamical dark energy
Dark energy effect:

L\ 2
1. Background Evolution: H? = (E) = %[pm,oa_3 +PDE(G)}

a 3
2. Growth of perturbation (linear theory):

d?né dlns\? dlns 1 3
dlna? + (dlna> + dlna {1 2 [Qm(a) + (3w(a) + I)QDE(G)]} N §Qm(a)

) 87G pm(a) 87G ppr(a)
where: Qm(a) = 3 gz Qm(a) = =
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The theoretical void size function

dn M, z dlno™?!
dlnM = qf fwelo0nde) “m o7

@ Number density K}{O’(M =o(rp(M))

o The multiplicity function M= *PTL(M)
(fraction of fluctuations that become voids,

Sheth & Van de Weygaert 2004)

@ Jacobian: from o (M) to mass interval

@ Redshift dependence: extrapolation to z = 0:
Ov,e = Ov,e/D(2),
o(z) = o(z=0)

Volume conservation

Mass to radius conversion from linear to non-linear)
M —
r \ / P = Vire)dne
dn(r, z) flm, 0,0v,0c) dlno™

(Jennings et al. 2013)
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Cosmic voids in galaxy distribution
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Galaxy bias can be theoretically modeled to recover voids in matter distribution.
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Void abundance in standard cosmological model
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Void abundance in dynamical dark energy cosmologies
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Thank you for your attention



