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Abstract. Current models for dark energy include a cosmological constant and scalar field
models such as quintessence and k–essence. By measuring the dark energy sound speed, ceff,
and its equation of state parameter, w, one can distinguish between these. Here we investigate
the possibility of measuring ceff and w using combined observations from the SKA and CMB ex-
periments. We present theoretical predictions for the cross–power spectrum of ISW fluctuations
in the CMB and the expected field of HI galaxies detectable with the SKA.
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1. Introduction
The Integrated Sachs–Wolfe (ISW) effect arises when CMB photons streaming across

the Universe interact with the time evolving gravitational potential wells associated with
the foreground large–scale structure. This interaction imprints a secondary anisotropy
on the primordial CMB spectrum which can be used to probe the nature of the dark
energy driving the accelerated expansion of the Universe.

A common method for observing this effect is through cross–correlation of the CMB
spectrum with a tracer of matter at low redshift. In Fourier space, the amplitude of this
correlation is given by (see for example Nolta et al. (2004)):

CNT
l = 4π

∫ ∞

0

dk

k

〈δN

N0
(k)

δT

T0
(k′)

〉
= 4π

∫ ∞

0

dk

k
fN

l (k)fT
l (k)∆2

m(k), (1.1)

where δN/N0 and δT/T0 give the fluctuations in the galaxy numbers and CMB temper-
ature. The filter functions fN

l (k) and fT
l (k) depend on the linear bias parameter in the

HI galaxies (bHI), the redshift distribution of HI sources and the suppression of matter
fluctuations (g(z)). They are expressed as integrals over the comoving distance (d).

The dark energy equation of state parameter, w, affects both d and the amplitude
of matter fluctuations controlled by g(z). The speed of sound of the dark energy, ceff,
has an effect on the evolution of these fluctuations and determines the dark energy
clustering properties below the Jeans scale. This information is encoded in the matter
power spectrum ∆2

m(k) (see Hu 2002).
In order to simulate the HI galaxy distribution that may be available with SKA obser-

vations, we follow the analysis of Abdalla & Rawlings (2005). We particularly focus on
their most realistic model (Model C ) which includes HI depletion due to star formation.
The total HI density is evaluated from damped–Lyα results. We also assume a linear bias
of bHI = 1.
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2. ISW Signal and Prospects For Detection
The cross–correlation signal is presented in figure 1. As w becomes less negative, the

signal is increasingly more sensitive to different models of sound speed.
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Figure 1. Cross–correlation signal for different values of w and DE sound speed.

In the following figures we provide a measure of the Signal–to–Noise ratio that could be
achieved with a SKA–like survey. We follow the approach proposed by Afshordi (2004),
dividing the redshift space into a series of (independent) shells of width δz (e.g. 0.1).
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Figure 2. Differential (S/N)2 as a function of redshift shell and scale. zmax gives the
maximum redshift of the HI survey.

The largest contribution to the signal comes from the redshift range z ∼ 0.3 − 1.5
(as expected for the DE domination era) and mainly due to multipoles around l ∼ 20.
Figure 2 indicates that useful constraints on w and ceff may be achieved from a SKA HI
survey.
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