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Progress on the Study of Halo Concentration in ACDM

CAO Yi-xian"?

(1. National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100012, China; 2. Graduate
University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In a ACDM universe, dark matter halos are the fundamental units building up structures
hierarchically. Numerical works show that halos have similar internal structures described by NFW
density profile. Concentration and halo mass are the two parameters in the NFW profile. Recent
years, the concentration parameter and its dependence on mass and redshift have been well studied
in literature. In this paper, I review the studies on halo concentrations in ACDM cosmology.

It is found that halo concentration parameter shows a good correlation with halo mass. This is

due to the fact halos with different masses have different formation time. People developed several
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theoretical models trying to explain and predict this relation. I review those popular models that have
been widely used. The earlier toy models tried to relate the background density of the universe at
the time of formation with a properly defined characteristic density of the halo. The concentrations
are modelled as a function of mass and redshift with constant amplitudes that are cosmology model
dependent. These toy models show very different behaviors at high redshift, and they were proved
to somehow fail in later numerical works. Later sophisticated models are based on mass accretion
history of the halos. By studying the merger history of halos in details, these works engaged to find
out what properties affect the internal structure of the halos as their masses grow. Concentration
could then entirely depend on the mass accretion history, and could be predicted with known mass
accretion history models. We also compare three recent models. The concentration-mass relations
predicted by these models disagree with each other for low mass halos under 10°4~!M,, and at high
redshift.

Apart from theoretical probes, numerical studies on concentrations have also been developed
using large high resolution simulations available in recent years. Several different works agree that
the current average mass-concentration relation is in a power-law form for halos in the mass range
of [10'°7 "M, 10°h~' M), with a typical standard deviation of 0.15. They also agree that the dis-
tribution of concentration on each mass range is approximately a lognormal function. Studies on
concentration at higher redshit up to 3 indicate the mass-concentration relation is still power-law
but with different coeflicients at each redshift. The dependence of concentration on mass becomes
weaker in an earlier time.

Existing numerical studies are unable to reach the low mass and high redshift limits to verify
the accuracy of recent theoretical models. Further progress on numerical estimation of concentration
in a larger mass range and time domain will examine the existing models and may also stimulate
better theoretical models. These studies on concentration would improve our understanding on the

structure evolution of dark matter halos eventually.

Key words: dark matter halo; simulation; cold dark matter
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