arXiv:1211.3249v1 [astro-ph.CO] 14 Nov 2012

1 LESS IS MORE: HOW COSMIC VOIDS CAN SHED LIGHT ON DARK ENERGY

E. G. PATRICK BOS^∗, RIEN VAN DE WEYGAERT and JARNO RUWEN Kapteyn Astronomical Institute, University of Groningen, Groningen, 9747 AD, The Netherlands ∗E-mail: pbos@astro.rug.nl www.rug.nl/sterrenkunde

KLAUS DOLAG Department of Physics, Ludwig-Maximilians-Universität, Scheinerstr. 1, München, 81679, Germany

VALERIA PETTORINO Département de physique théorique, Université de Genève, 24 Quai Ansermet, Genève, 1211, Switzerland

We showed how the shape of cosmic voids can be used to distinguish between different models of dark energy using galaxy positions.

Keywords: Cosmology: large-scale structure of universe; voids; dark energy; numerical simulations

1. Goals

In Ref. 1 we assessed the sensitivity of void shapes to the nature of dark energy that was pointed out in recent studies.^{2–4} We investigated whether or not void shapes are useable as an observational probe in galaxy redshift surveys. We focused on the evolution of the mean void ellipticity and its underlying physical cause.

2. Methods

To this end, we analysed the morphological properties of voids in five sets of cosmological N-body simulations,^5 each with a different nature of dark energy, as expressed by the equation of state parameter w, that relates the pressure of the dark energy cosmic fluid to its density through P = wρ (figure 2.a). Comparing voids in the dark matter distribution to those in the halo population, we addressed the question of whether galaxy redshift surveys yield sufficiently accurate void morphologies.

At first, voids are identified using the parameter free Watershed Void Finder (WVF),^6 applied on a density field obtained by means of a Delaunay Tesselation Field Estimator (DTFE).^{7,8} Secondly, we tried using a different void finder, based on the Monge-Ampère-Kantorovitch (MAK) reconstruction of Ref. 4. This method yields a different type of void that may be sensitive to the underlying cosmology in a different way than the WVF/DTFE method.

The effect of redshift distortions was investigated as well. The distorting effect of these on the shape measurements are included in the figures as error-bars.

2

Fig. 1. ΛCDM (left) and quintessence (right) cosmologies; dark matter density (grey) and galaxies (coloured dots). Differences are subtle; measuring them is the challenge presented here.

(a) (b)

Fig. 2. (a) Equation of state parameter w versus redshift. Shows the evolution of the dark energy equation of state parameter w = P/ρ. The different lines indicate different dark energy models. (b) Mean ellipticity as a function of redshift, determined from the full dark matter particle distribution using the WVF/DTFE scheme. ΛCDM high and low resolution simulations and a SUGRA low resolution one.

3 3. Results

We confirmed the statistically significant sensitivity of voids in the dark matter distribution (figure 2.b).

The level of clustering as measured by σ_8(z) was identified as the main cause of differences in mean void shape ⟨ϵ⟩ (figure 3.a).

We further found that using the combination of WVF with DTFE in the halo and/or galaxy distribution it is practically unfeasible to distinguish at a statistically significant level between the various cosmologies due to the sparsity and spatial bias of the sample.

However, using the MAK void finder, the (mock) galaxy distribution yields excellent results; the effects of different dark energy models are clearly discernible in the evolution of the mean ellipticity (figure 3.b). This is a promising result in the light of upcoming galaxy redshift surveys, on which this method may be applied.

References 1. E. G. P. Bos, R. van de Weygaert, K. Dolag and V. Pettorino, MNRAS 426, 440(Octtober 2012).

2. D. Park and J. Lee, PhRvL 98, p. id.081301(February 2007). 3. J. Lee and D. Park, ApJ 696, L10(May 2009).

4. G. Lavaux and B. D. Wandelt, MNRAS 403, 1392(April 2010).

5. C. De Boni, K. Dolag, S. Ettori, L. Moscardini, V. Pettorino and C. Baccigalupi, MNRAS 415, 2758(August 2011).

6. E. Platen, R. van de Weygaert and B. J. T. Jones, MNRAS 380, 551(September 2007). 7. W. E. Schaap and R. van de Weygaert, A&A 363, L29(November 2000). 8. M. C. Cautun and R. van de Weygaert, ArXiv e-prints (May 2011), arXiv:1105.0370.

(a) (b) Fig. 3. (a) Mean ellipticities versus σ_8. The different lines show the low resolution simulations of the five different cosmologies. The lines consist of σ_8 values at redshifts 0, 0.1, 0.25, 0.51, 1.0 and 2.04. (b) Again, mean ellipticity as a function of redshift, but now determined from the halo/galaxy distribution using the MAK void finder. Clearly, the differences between models are significantly discernible using this setup.