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Abstract. We present hydrodynamical simulations of galaxy clusters and groups
aimed at investigating whether and how the problem of gas overcooling within
galaxy clusters can be prevented by a suitable extra heating of the ICM recovering
the observed X–ray scaling relations.
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1. Introduction

A number of observational facts have
now established that the thermodynami-
cal properties of the intra–cluster medium
(ICM) cannot be determined gravitational
heating only. For instance, the slope
of the LX–T relation [Arnaud et al.1999,
Ponman et al.1996], the entropy level of
the gas in the central regions of poor
clusters and groups [Ponman et al.1999],
and the amplitude of the M–T relation
[Finoguenov et al.2001] all show depar-
tures with respect to the prediction of the
so–called self–similar model, which is based
on gravitational processes only regulating
the ICM thermal properties [Kaiser1986].
Two alternative routes have been proposed
to solve this discrepancy. The first pos-
sibility assumes that the diffuse gas un-
derwent non–gravitational heating, possi-
bly before the cluster collapse epoch, due
to the action of some astrophysical source
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of energy feedback (e.g., SNe or AGN)
[Evrard et al.1991]. The consequence of
this heating is that of increasing its entropy
and avoiding it from reaching high density
during the DM halo collapse, thus suppress-
ing its X–ray emissivity [Tozzi et al.2001].
The second possibility assumes radiative
cooling to be responsible for the lack
of ICM self–similarity [Pearce et al.2000].
Cooling acts in such a way to remove from
the hot X–ray emitting phase the gas hav-
ing low enough entropy that its cooling
time, tcool, is shorter than the cluster typ-
ical lifetime [Voit et al.2002]. In this case,
the observed entropy excess is the conse-
quence of the removal of low–entropy gas,
while the suppressed LX follows from the
reduced amount of gas left in the diffuse
phase. Both explanations have their pros
and cons. While non–gravitational heat-
ing cannot account for all the observations
[Borgani et al.2002], the cooling itself gives
rise to the well know overcooling problem
[Balogh et al.2001] i.e., a too large frac-
tion of ICM converted into a cold “stellar”
phase.



L. Tornatore, S. Borgani: Few Ideas About the Energetics of ICM 77

Fig. 1. The fraction of cold gas in the simulated structures for different schemes of non–
gravitational heating.

In this contribution we present prelim-
inary results from our undergoing project
of running hydrodynamical simulations of
clusters and groups, aimed at understand-
ing under which conditions extra–heating
can prevent overcooling and provide a reli-
able description of the observed X–ray scal-
ing properties of the ICM.

2. Simulations

We use GADGET, a parallel Tree+SPH
code by Springel et al. [Springel et al.2001],
to simulate at high resolution three halos
extracted from a low resolution simulation
of a flat ΛCDM model with Ωm = 0.3,
σ8 = 0.8, h = 0.7 and fbar = 0.13,
within a cosmological box of 70 h−1Mpc
size. The code includes radiative cooling
and the effect of UV background as well as
an entropy conserving scheme. As for the
adopted mass resolution, we have mgas '
3.2× 108M¯ for the mass of the gas parti-
cles. The force resolution assumes ε = 5 kpc
for the Plummer–equivalent force softening
scale, fixed in physical units out to z = 2,
and then fixed in comoving units at higher
redshifts. The simulations also include a
star–formation scheme which progressively

converts dense and cold gas particles into
collisionless stars [Katz et al.1992].

The implemented schemes for non–
gravitational heating are the following: (a)
Two entropy floors at Sfl = 25 and 50 keV
cm2 created at z = 9, i.e. before a substan-
tial amount of gas starts undergoing cool-
ing; (b) An entropy floor Sfl = 50 keV
cm2 at z = 3, i.e. at a redshift at which
the SFR within clusters should stay around
its maximum; (c) An additional thermal
energy of 0.75 keV/particle for all the gas
particles at overdensity δgas > 50; (d) An
energy release due to SAM–predicted star
formation and SNII explosions, with 3 dif-
ferent SN–efficiency parameter (η0× 103 =
3.2, 7, 15) and 2 different density threshold
(δg = 50, 500) for particles over which dis-
tribute the energy.

3. Results

Figure 1 shows the cold fraction within the
virial radius for the three simulated sys-
tems, for the different heating schemes. It is
apparent the excess of cold gas, ' 25−30%,
in the absence of any extra–heating. This
fraction is somewhat reduced by heating at
z = 3 and our SN–heating, while heating at
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Fig. 2. The relation between Tew and X–ray luminosity, compared to observational data by
Arnaud & Evrard, Markevitch and Ponman et al.

z = 9 is even more efficient in preventing
overcooling.

In Figure 2 we show the results on the
LX–T relation and compare them to ob-
servational data. The effect of cooling is
that of suppressing the X–ray luminosity.
While this reduction is sufficient to reach
agreement with data for the most massive
system, it is apparently not sufficient for
the smaller groups. In general, we find a
much better agreement with data when the
gas is heated at z = 3. This is just the
consequence of the efficiency with which
the gas is removed from high–density re-
gions. Heating at z = 9 has the effect of
increasing the entropy and cooling time of
the gas. However, subsequently this gas has
the possibility of sinking within the cen-
tral cluster region, while avoiding cooling
as a consequence of its longer cooling time,
thus remaining in the diffuse X–ray emit-
ting phase. As a consequence, its X–ray
luminosity remains high, if not increased.
Quite surprisingly, combining the effect of
cooling and extra–heating, which both act
so as to suppress LX , may have the effect
of even increasing the X–ray emissivity.

Figure 3 shows the mass–temperature
relation, also compared to observational

data [Finoguenov et al.2001]. The effect of
cooling is that on increasing the emission–
weighted temperature, as a consequence of
the steeper gravitational potential created
by the cooled gas. This effect in general
is not compromised by the introduction of
extra–heating. As a result, simulations in-
cluding cooling and extra–heating show a
better agreement with data than simula-
tions including only gravitational gas heat-
ing.

Our results demonstrate that in gen-
eral it is not easy to find a suitable recipe
for extra–heating which is able at the same
time to prevent overcooling and reproduce
the observed X–ray scaling properties of
galaxy systems. A significant reduction of
gas cooling requires heating at a quite high
redshift. In this case, however, one runs
into the problem of not suppressing the
X–ray luminosity. Therefore, the appar-
ently simple question of how much extra
heating is required to balance overcooling
and reproduce X–ray scaling relations of
clusters, does not have a simple answer.
A realistic and successful ICM modeliza-
tion should require gas heating and cooling
to be self–consistently included: the source
and amount of heating at a given epoch
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Fig. 3. The relation between emission–weighted temperature and mass estimated at overdensity
δc = ρ/ρcr = 500. The dashed line represents the relation by Evrard et al. [Evrard et al.1996]
from their hydrodynamical cluster simulations, while data points are from Finoguenov et al.

should be directly derived from the amount
of gas undergoing cooling and therefore
form stars and/or trigger AGN activity.

The results presented in this contribu-
tion should be regarded as preliminary.
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