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Probing Structure Formation Using Their Fossil Records
Habib Khosroshahi (IPM)

Abstract

I present some results from our 5-year studies of a class of galaxy groups and clusters known as
“Fossils” which are dominated by a giant elliptical galaxy and are arguably the end product of
mergers of galaxies within groups. Fossils are the archetypal relaxed systems thus seen as simple
laboratories to study formation and evolution of galaxies and haloes in the absence of recent major
mergers.

Multi-wavelength study of the largest sample of fossil systems in the observations complemented
by cosmological simulations were undertaken to understand their origin and evolution. We study
the dark matter distribution in fossils using their X-ray derived mass profiles. Fossils show higher
halo concentration, for a given mass of the halo, compared to non-fossil groups and clusters
indicating an early formation epoch for fossils. The study of their mass evolution in the Millennium
simulations, including hot gas and semi-analytic galaxies, shows that their haloes form earlier than
those of non-fossil systems.

Introduction

Galaxy groups are key systems in advancing our understanding of structure formation and
evolution. They contain the majority of galaxies in the universe, and are precursors to the most
massive structures, i.e. clusters, giving them cosmological importance. They show departures from
the scaling relations obeyed by galaxy clusters indicating that groups are not simply scaled-down
versions of clusters. It is argued that galaxy groups are rapidly evolving, and many are not
virialised.1 Thus identifying and studying a sample of well-characterised galaxy groups can help us
understand the origin of the some of the observed diversities in groups. Galaxy groups also play key
role in understating the formation of luminous elliptical galaxies such as the brightest cluster
galaxies (BCGs) arguably as a result of higher efficiency of galaxy-galaxy merger in low velocity
environment of groups compared to rich clusters.

Fossil groups

In the class of galaxy groups known as “fossil groups”, the group is dominated optically by a single
luminous elliptical galaxy at the centre of an extended luminous X-ray emission similar to that seen
in bright X-ray groups (Fig 1). The X-ray is emitted as a result of gravitational shock heating during
the collapse, and formation, of the system and is a powerful probe of the dark matter distribution in
groups and clusters of galaxies. The X-ray emission in fossils is regular and symmetric, indicating
the absence of recent group merging thus they are seen as simple laboratories to study formation
and evolution of galaxies and haloes in the

absence of recent mergers. The absence of L*
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galaxies in fossils is argued to be the consequence of multiple mergers of galaxies within the group
itself which could also mean that fossils are old galaxy systems as the time-scale of such mergers

are usually over around 4 Gyr[2]. Thus fossils are the best candidates for virialised groups.
Fig.1 Fossil cluster RXJ1416.4+2315. Cluster size X-ray emission observed with XMM-Newton surrounding a single giant elliptical
galaxy. Other cluster members are at least 2 magnitude fainter than the central giant elliptical[3].

Observationally a galaxy group is classified as a fossil if it has an X-ray luminosity of Ly s 10* h~°
erg s ! spatially extended to few 100 kpc, and the dominant galaxy is at least 2 magnitudes brighter
(in R-band) than the second ranked galaxy within half the projected virial radius of the group[4].
The X-ray criterion guarantees the existence of a group size galaxy halo while the optical criterion

assures that the Mx galaxies are absent within the given radius which corresponds to the radius for

orbital decay by dynamical friction[5]. No upper limit is placed on the X-ray luminosity or
temperature, and recently a fossil galaxy cluster was found|3].

Analysis and Results

Our analysis includes modelling of the X-ray surface brightness distribution of the sample to
understand their morphology and the distribution of the X-ray emitting hot gas as well as the
spectral analysis which allows us measure the IGM temperature profile. These measurements,
together with spherical symmetry and hydrostatic equilibrium assumptions, gives the total
gravitational mass distribution. The dark matter contribution is then calculated by subtracting the
gas mass profile and the contribution from the central galaxy using the optical and near-IR
observations. Having the temperature of the hot gas, Tx, total mass, M, and X-ray luminosity, Lx,
from the X-ray analysis and the total optical light of the galaxies together with the velocity
dispersion of the galaxies in each fossil group we study the scaling relations in fossils and
comparison non-fossil groups[6].

We confirm that, for a given optical luminosity of the group, fossils are more X-ray luminous than
non-fossil groups. Fossils, however, fall comfortably on the conventional Lx — Tx relation of galaxy
groups and clusters, suggesting that their X-ray luminosity and their gas temperature are both
boosted as a result of their early formation. This is supported by other scaling relations including
the Lx —c and Tx —o relations in which fossils show higher X-ray luminosity and temperature for a
given group velocity dispersion.

Dark matter haloes with an early formation epoch tend to be more concentrated|[8]. Numerical
studies also predict some mass dependency for the halo concentration, resulting from the fact that
lower mass haloes generally form earlier[9,10]. In general observational results seem to agree well
with th numerical predictions[11,12].

Moreover, the MX-TX relation suggests that fossils are hotter (Fig 2b), for a given total
gravitational mass, both consistent with an early formation epoch for fossils. The entropy of the gas
in low mass fossils appears to be systematically lower than that in normal groups, which may
explain why the properties of fossils are more consistent with an extension of cluster properties.
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Physics meets Biology at Nano-scales: The inner Workings of
Biological Nano-Machines

Hashem Rafii Tabar

We introduce the topic of biological nano-machines, and review our recent results, performed for
the first time, on modelling their highly complex dynamics. These nano-machines operate within
the stochastically-fluctuating cellular environment and, hence, stochastic dynamics must used to
model their motion.Our simulation results agree well with the experimental data concerning the
number of fuel molecules consumed by these machines in their stepping motion, the space-time
trajectories followed by them, and the variation of their velocity with the applied external force.
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Special Relativistic Generalization of Statistical Thermodynamics

Afshin Montakhab

Does a moving body appear hotter, cooler or the same as the one at rest?

What is the special relativistic generalization of the celebrated Maxwell-Boltzmann velocity
distribution?

These questions have been around for about 100 years now, and many famous physicists (including
Einstein himself) have tried to answer them. Much controversy surrounds these issues.

In this work, we propose a simple and realistic model of a relativistic gas in order to investigate
these questions. We find that Juttner function is the correct generalization of the Maxwell-
Boltzmann distribution.

Furthermore, we establish local thermal equilibrium for the moving system. Finally, we show that
standard statistical mechanical methods do not suffice to determine a moving system's temperature
uniquely. One is therefore left with temperature as a system's parameter, same in all inertial frames,
much like proper mass in mechanics.
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