Mem. S.A.It. Suppl. Vol. 1, 76 © SAIt 2003

Memorie della Supplementi

Few Ideas About the Energetics of ICM

L. Tornatore, S. Borgani

Dipartimento di Astronomia, Università di Trieste, via Tiepolo 9, 34100 Trieste e-mail: tornatore@ts.astro.it

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.

Key words. ICM, heating, cooling, SN

1. Introduction

A number of observational facts have now established that the thermodynamical properties of the intra–cluster medium (ICM) cannot be determined gravitational heating only. For instance, the slope of the L_X –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 departures 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 possibility assumes that the diffuse gas underwent non–gravitational heating, possibly before the cluster collapse epoch, due to the action of some astrophysical source

Send offprint requests to: L. Tornatore Correspondence to: via Tiepolo 9, 34100 Trieste 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 suppressing 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 having low enough entropy that its cooling time, t_{cool}, is shorter than the cluster typical lifetime [Voit et al.2002]. In this case, the observed entropy excess is the consequence of the removal of low–entropy gas, while the suppressed L_X follows from the reduced amount of gas left in the diffuse phase. Both explanations have their pros and cons. While non–gravitational heating 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 fraction of ICM converted into a cold “stellar” phase.

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

In this contribution we present preliminary results from our undergoing project of running hydrodynamical simulations of clusters and groups, aimed at understanding under which conditions extra–heating can prevent overcooling and provide a reliable description of the observed X–ray scaling 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 Ω_m = 0.3, σ_8 = 0.8, h = 0.7 and f_{bar} = 0.13, within a cosmological box of 70 h^{−1}Mpc 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 m_{gas} ≃ 3.2 × 10^8M_⊙ for the mass of the gas particles. 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 S_{f l} = 25 and 50 keV cm^2 created at z = 9, i.e. before a substantial amount of gas starts undergoing cooling; (b) An entropy floor S_{f l} = 50 keV cm^2 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 δ_{gas} > 50; (d) An energy release due to SAM–predicted star formation and SNII explosions, with 3 different SN–efficiency parameter (η_0 × 10^3 = 3.2, 7, 15) and 2 different density threshold (δ_g = 50, 500) for particles over which distribute the energy.

3. Results

Figure 1 shows the cold fraction within the virial radius for the three simulated systems, 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

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 L_X –T relation and compare them to observational 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 regions. 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 central cluster region, while avoiding cooling as a consequence of its longer cooling time, thus remaining in the diffuse X–ray emitting 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 L_X , 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 including cooling and extra–heating show a better agreement with data than simulations including only gravitational gas heating.

Our results demonstrate that in general 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 apparently 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 modelization should require gas heating and cooling to be self–consistently included: the source and amount of heating at a given epoch

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 contribution should be regarded as preliminary.

Acknowledgements. We would like to thank Volker Springel for making available to us the version of the used GADGET code and for his useful comments.

References

Arnaud M., Evrard A.E., 1999, MNRAS, 305, 631 Balogh M.L., Pearce F.R., Bower R.G., Kay

S.T., 2001, MNRAS, 326, 1228 Borgani S., Governato F., Wadsley J., et al.

2002, MNRAS, in press (preprint astro– ph/0205471) Evrard A.E., Henry J.P., 1991, ApJ, 383, 95

Evrard A.E., Metzler C.R., Navarro J.F., 1996, ApJ, Finoguenov A., Reiprich T.H., Böhringer H., 2001, A&A, 369, 479 Kaiser N., 1986, MNRAS, 222, 323 Katz, N., Hernquist, L., Weinberg, D.H., 1992, ApJS, 105, 19 Menci N., Cavaliere A., 2000, MNRAS, 311, 50 Pearce F.R., Thomas P.A., Couchman H.M.P., Edge A.C., 2000, MNRAS, 317, 1029 Ponman T.J., Bourner P.D.J., Ebeling H., Böhringer H., 1996, 293, 690 Ponman T.J., Cannon D.B., Navarro J.F., 1999, Nature, 397, 135 Springel V., Yoshida N., White S.D.M., 2001, NewA, 6, 79 Tozzi P., Norman C. 2001, ApJ, 546, 63 (TN01) Voit, G.M., Bryan, G.L., Balogh, M.L., Bower, R.G., 2002, ApJ, in press (preprint astro– ph/0205240)