FLUCTUATIONS IN THE IRAS 1.2 JY CATALOGUE

MARTIN KERSCHER Ludwig–Maximilians–Universität, Theresienstr. 37, 80333 München, Germany AND JENS SCHMALZING Ludwig–Maximilians–Universität, and Max–Planck–Institut für Astrophysik, Karl-Schwarzschild-Straße 1, 85740 Garching, Germany

“It’s only galaxies, nothing fundamental.” (N. Kaiser)

1. Introduction

In an analysis of the IRAS 1.2 Jy redshift catalogue, with emphasis on the separate examination of northern and southern parts (in galactic coordinates), we found that the clustering properties of galaxies differ significantly in the northern and southern parts, showing fluctuations in the clustering properties at least on scales of 200h�^1Mpc. Our analysis is based on Minkowski functionals, next–neighbour distributions, and the fluctuation of galaxy counts σ^2. In Section 2 we give a brief description of the way we use Minkowski functionals, in Section 3 we present the results for the Minkowski functionals obtained from the IRAS 1.2 Jy galaxy catalogue (the results for next–neighbour distributions and σ^2 will be present in Kerscher et al. [6]), and in Section 4 we discuss our results.

2. Minkowski functionals

We consider a realization {x_i}^N_{i=1} of N points for the process of Large Scale Structure. The realization is given by the redshift–space coordinates of the galaxies in the IRAS 1.2 Jy catalogue [3]. We characterize the properties of this point set with Minkowski functionals as they were introduced into cosmology by Mecke, Buchert and Wagner [8] (see also the article by Schmalzing in this volume). For this purpose we decorate each point x_i with a ball B_r(x_i) of radius r. Then we look at the union set A_r = S^N_{i=0} B_r (x_i). Hadwiger [4] proved that in three dimensions the four Minkowski functionals M_{μ=0,1,2,3}(A_r) give a complete morphological characterization of a body A_r. They have a direct interpretation in terms of geometrical and topological quantities (see [8] and the article by Schmalzing in this volume). Specific, dimensionless Minkowski functionals Φ_μ(A_r) may be constructed by dividing the Minkowski functionals M_μ(A_r) by N times the functional of a single ball M_μ(B_r) (i.e. norming the functionals to balls),

Φ_μ(A_r) :=

M_μ(A_r) NM_μ(B_r) . (1)

For a Poisson process the functionals can be calculated analytically [9]. For spheres with radius r we get for the specific Minkowski functionals:

Φ^P_0 = (1 − e�^η) η�^1, Φ^P_1 = e�^η ,

Φ^P_2 = e�^η (1 −^{3π2}_{32} η), Φ^P_3 = e�^η (1 − 3η +^{3π2}_{32} η^2), (2) with the mean number of galaxies in a sphere with radius r, η = nM_0(B_r) = n 4πr^3/3, the mean number density n. As can be seen from Eqs. (2), the Minkowski functionals which are confined to the surface (μ = 1, 2, 3), are damped by the exponential term e�^η . This is obvious for a Poisson process. It may be shown that this e�^{r3} dependence also holds in the case of more general cluster processes for larger radii. We want to investigate the large–scale behavior of the point process, therefore, we look at the surface densities of the specific Minkowski functionals Φ_{μ=1,2,3}, defined by

ϕ_μ(A_r) =

Φ_μ(A_r) Φ^P_1 (r)

, (3)

and thus remove the damping term e�^η. Since we do not want to introduce any additional uncertainties, we divide by the analytical result for the Poisson process Φ^P_1 (r).

3. Analysis of the 1.2 Jy catalogue

In this section we report on the application of the Minkowski functionals introduced above to a volume limited sample of the IRAS 1.2 Jy galaxy catalogue [3] with limiting depth of 100h�^1Mpc (H_0=100 h km s�^1 Mpc�^1). In Kerscher et al. [6] we discuss how to correct for boundaries. There we also look at a deeper sample, and compare with a simulation. We additionally use the next neighbour statistics and the fluctuations of galaxy counts σ^2 as statistical tools and confirm our results.

Figure 1. Minkowski functionals ϕ¯ of a volume limited sample with 100h�^1Mpc depth; the dark shaded areas represent the southern part, the medium shaded the northern part, and the light shaded a Poisson process with the same number density. The shaded areas are the 1σ errors as explained in the text.

In Figure 1 we show the Minkowski functionals of the southern and northern parts together with the functionals of a Poisson process with the same number density. The northern part contains 352 galaxies, and the southern part 358 galaxies. Thus, the sample shows only small fluctuations in the number density. The errors of the Poisson process were calculated using twenty different realizations. To estimate the error of the data we calculated the Minkowski functionals of twenty subsamples 90% of the galaxies, randomly chosen from the volume limited subsample (in Kerscher et al. [6] we discuss error estimates and selection effects in detail).

In both parts of the 1.2 Jy catalogue the galaxies cluster on scales up to 10h�^1Mpc significantly stronger than in the case of a Poisson process resulting in the lowered surface functional ϕ_1, integral mean curvature functional ϕ_2 and the Euler characteristic functional ϕ_3. Moreover, we realize that the northern and southern parts differ significantly. The northern part shows less clustering. Probably the most conspicuous features are the enhanced surface area ϕ_1 in the southern part on scales from 12 to 20 h�^1Mpc and the kink in the integral mean curvature ϕ_2 at 14 h�^1Mpc. This indicates that dense substructures in the southern part fill up at this scale (i.e. the balls in these substructures overlap leaving no holes). This is probably the signature of the Perseus–Pisces supercluster. On scales from 15 to 20 h�^1Mpc ϕ_2 is negative indicating concave structures. In the southern part the Euler characteristic is still negative in this range, therefore, the structure is dominated by interconnected tunnels (negative contributions to the Euler characteristic) and not by completely enclosed voids (positive contributions).

4. Discussion and conclusions

Recently, there have been several contradicting claims that the distribution of galaxies in the Universe is homogeneous (see e.g. Davies [7]) or fractal (see e.g. the article by Pietronero in this volume). We recall the mathematical definition of statistical homogeneity (see e.g. [11]):

For point processes the almost–sure–homogeneity is defined as the stationarity of the distribution of the point process under translations, i.e. the statistical properties calculated from an ensemble of realizations must not change under translations of the points. Isotropy is the stationarity of the distribution under rotations. In looking at only one realization we are not able to make statements about the statistical homogeneity. A statistically homogeneous point process may show large fluctuations in statistical quantities estimated from finite volumes in one realization. Fluctuations on the same length scale as the sample or even larger will not be detected. According to this definition certain fractal distributions are statistically homogeneous.

The volume limited subsamples we look at show fluctuations in the number density of galaxies of less than 1%. Recently Davis [7] used the whole galaxy catalogue with flux limit 1.2 Jy, but no volume limitation, and looked at galaxies in different redshift intervals, projected onto the sphere. He found strong anisotropies in the number density in the nearby region, but less in the regions further apart. Except from the subjective judgement made by examining the sample by eye, the quantitative argument is based on the number density only. In looking at the flux limited sample in the whole redshift range we find a difference of 15% in the number density between northern and southern part; the northern part incorporates 2848 galaxies, the southern part only 2465. But this may be attributed to luminosity effects. Another test on fluctuations of the number density in the flux limited 1.2 Jy catalogue is used in Kaiser et al. [5]. With statistics like σ^2, the correlation function, the power spectrum, or the correlation integral one estimates the two–point distribution only. Already here, both parts differ (see [6]). The discrepancies between north and south are enhanced by taking into account higher moments. Indeed correlations of arbitrary order enter into the Minkowski functionals [8] which reveal significant differences (see Figure 1).

Since almost identical selection effects in northern and southern parts together with the fact that the number densities of the galaxies in the volume limited subsamples analyzed are almost equal in both parts, we can draw the following conclusion:

A significant departure from a Poisson process and different clustering properties in the northern and the southern parts are detected on the scale of 200h�^1Mpc (the diameter of the volume limited sample with depth of 100h�^1Mpc). As shown in [6] the detected differences are less significant, but do not disappear on the scale of 400h�^1Mpc. Similar anisotropies have already been reported by Rowan–Robinson et al. [10] in looking at the two–dimensional distribution of IRAS galaxies around the northern and southern galactic pole. Recently, Yess et al. [12] find indications for structures which percolate the whole sample of the 1.2 Jy catalogue.

One interpretation of the discrepancies described above could be based on the following reasoning: we assume that both the northern and the southern parts are typical for our Universe, i.e. our position does not entail any peculiarity compared with other randomly chosen positions. Then, this means that the (ensemble) variance of the statistics applied to the 1.2 Jy galaxy catalogue is at least of the order of the difference between the results for the northern and southern parts. In other words the process of large scale structure admits large fluctuations in the clustering properties on scales of 200h�^1Mpc. The physical objects causing these fluctuations may be superclusters [1] or superlarge–scale structures [2]. Another interpretation in terms of a fractal distribution of galaxies is advocated by Pietronero and coworkers (see e.g. their articles in this volume).

The fluctuations detected on scales up to 200h�^1Mpc (see Figure 1) imply that cosmological simulations which enforce homogeneity on the scale of a few hundreds of h�^1Mpc and suppress fluctuations on larger scales by using periodic boundary conditions cannot reproduce the large–scale fluctuations indicated by the present analysis of the 1.2 Jy catalogue, this is confirmed in [6] by comparison with a simulation.

It remains an open question, whether it is possible to explain these observed fluctuations in the clustering properties on scales up to 200h�^1Mpc with linear theory and with the usual COBE normalized Gaussian initial density fields.

Acknowledgements

We would like to thank Thomas Buchert and Herbert Wagner for fruitful discussions and the allowance to publish common work prior to submission. MK acknowledges support from the Sonderforschungsbereich SFB 375 für Astroteilchenphysik der Deutschen Forschungsgemeinschaft and together with JS from NATO for support during their stay in Erice.

References

1. A.J. Connolly, A.S. Szalay, D.C. Koo, A.K. Romer, B. Holden, R.C. Nichol & T. Miyaji, Superclustering at Redshift z=0.54, Ap. J. Lett. 473 (1996), 67.

2. Andrei G. Doroshkevich, Richard Fong, Stefan Gottlöber, Jan P. Mücket & Volker Müller, The formation and evolution of large- and superlarge-scale structure in the universe -I: General Theory, submitted to MNARS.

3. Karl B. Fisher, John P. Huchra, Michael A. Strauss, Marc Davis, Amos Yahil & David Schlegel, The IRAS 1.2 Jy Survey: Redshift Data, Ap. J. Suppl. 100 (1995), 69. 4. Hugo Hadwiger, Vorlesungen über Inhalt, Oberfläche und Isoperimetrie, Springer Verlag, Berlin, 1957.

5. N. Kaiser, G. Efstathiou, R. Ellis, C. Frenk, A. Lawrence, M. Rowan-Robinson & W. Saunders, The large–scale distribution of IRAS galaxies and the predicted pecular velocity field, Mon. Not. R. Astron. Soc. 252 (1991), 1–12.

6. Martin Kerscher, Jens Schmalzing, Thomas Buchert & Herbert Wagner, Fluctuations in the 1.2 Jy Galaxy Catalogue, to be submitted.

7. Davis M., Is the Universe Homogeneous on Large Scales?, To be published in “Critical Dialogues in Cosmology” ed. N. Turok, astro-ph/9610149.

8. Klaus Mecke, Thomas Buchert & Herbert Wagner, Robust morphological measures for large-scale structure in the Universe, Astron. Astrophys. 288 (1994), 697.

9. Klaus Mecke & Herbert Wagner, Euler characteristic and related measures for random geometric sets, J. Stat. Phys. 64 (1991), 843.

10. M. Rowan-Robinson, D. Walker, T. Chester, T. Soifer & J. Fairclough, Studies of IRAS sources at high galactic latitudes - I. Source counts at jbj > 60ffi and evidence for a north–south anisotropy of cosmological significance, Mon. Not. R. Astron. Soc. 219 (1986), 273–283.

11. D. Stoyan, W.S. Kendall & J. Mecke, Stochastic Geometry and its Applications, John Wiley & Sons, Chichester, 1987.

12. Capp Yess, Sergei F. Shandarin & Karl B. Fisher, Percolation Analysis of a Wiener Reconstruction of the IRAS 1.2 Jy Redshift Catalog, Ap. J. 474 (1997), 553.