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Recently, R. Cen (2006) has suggested that small protogalactic halos at high redshift (z' 20−

25) could be surrounded by extended (r≈ 1h−1Mpc) gaseous halos, which could be marginally

detected by LOFAR. However, more recent work on the mass function at highz shows that these

estimates could be too optimistic. Moreover, the variance over the sky of this signal could be very

large, thus undermining the practical usage of these halos for the determination of cosmological

parameters using weak lensing.
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Toruń, Poland

∗Speaker.
†Marie Curie senior fellow.
‡Marie Curie junior fellow.

c© Copyright owned by the author(s) under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike Licence. http://pos.sissa.it/

mailto:Vincenzo.Antonuccio@oact.inaf.it
mailto:Stephane.Pauline@oact.inaf.it
mailto:Ugo.Becciani@oact.inaf.it


P
o
S
(
8
t
h
E
V
N
)
0
6
3

Weak lensing at high z Vincenzo Antonuccio-Delogu

Figure 1: Figure 1: Number density of dark matter halos at different redshifts.Continuouslines are for the
best-fit (variable power spectral indexne f f of Reed et al. (2006),[7], whiledottedlines are Sheth-Tormen
mass functions used by Zhang et al. [12]. The shaded region shows the±1σ bounds allowed by large scale
modulation of the density threshold for gravitational collapse, calculated only forz= 25 [2].

1. Introduction

One of the most interesting and speculative targets for radio surveys with next generation instru-
ments like LOFAR [8] are protogalaxies at high redshifts (z > 15), i.e. before the epoch of primary
reionization. We do not have yet any observational evidence for theseancestors of the present-day
luminous content of our Universe, but recently few theoretical studies have attempted to predict
the aspect of these objects at different wavelengths ([5, 2, 3, 9]). In particular, Cen [4] has recently
suggested that scattered Ly-alpha radiation around collapsing protogalactic halos in the mass range
105.5−107h−1M� (h being the Hubble constant in units of 100 km· sec−1 ·Mpc−1) could be de-
tected in the frequency range of LOFAR, and could even make these objects useful as background
galaxies in weak lensing studies at radio frequencies [12]. However, we will demonstrate that our
current knowledge of galaxy formation in theConcordancecosmological model is not yet suffi-
cient to enable one to reliably estimate the number density of these objects and their detectability.
Hereafter we will assume a 3-years WMAP cosmology (Spergel et al. 2006 [11]), with Ωm =

0.24,ΩΛ = 0.76,σ8 = 0.74,n = 0.951.

2. Halos at high redshift

Estimates of the number density of 21cm halos which could be used for weak lensing are very un-
certain. Cen et al. base their estimates only on the mass function, which is defined as an ensemble
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average over the whole Universe. Very recently, Reed et al. [7] have shown that the Sheth-Tormen
mass function [10] overestimates the number density of halos, particularly atredshifts larger than
10. For the cosmological model adopted here, the difference between themore accurate mass func-
tion of Reed et al. and the ST mass function adopted by Cen et al. in their calculations is larger than
50% atz> 25, for 105.5 ≤ M ≤ 107M�, as can be seen in Figure 1. Moreover, Barkana & Loeb
(2004, [2]) have also shown that a small fluctuation in the background density can greatly affect
the threshold density for collapse, thus producing large scale fluctuationsin the number density of
protogalactic halos. The uncertainty is shown as a shaded region in Fig. 1.
It is then clear that, ultimately, both these effects can affect the reliability of theweak lensing signal
detected in these surveys. The presence of a large variance, in particular, could seriously affect the
usefulness of these background galaxies in weak lensing surveys forthe determination of cosmo-
logical parameters.
In addition to these fundamental uncertainties, other physical effects canand do affect the exis-
tence of extended gaseous halos at high redshift. We are currently investigating tidal fields from
large scale structure, which could strip and limit gaseous halos, and ram-pressure stripping due to
peculiar motions w.r.t. the intergalactic medium. Although the magnitude of peculiar motions is
small, the high average density of the intergalactic medium (which scales as(1+ z)3) can result
in gas stripping from the outer regions, thus limiting the actual extent of these extended gaseous
halos.
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