
Publications of the Korean Astronomical Society pISSN: 1225-1534
30: 359 ∼ 361, 2015 September eISSN: 2287-6936
c©2015. The Korean Astronomical Society. All rights reserved. http://dx.doi.org/10.5303/PKAS.2015.30.2.359

GROUPS OF GALAXIES IN HISTORY: EVOLUTION IN THE MILLENNIUM SIMULATION

Abdolhosein Hashemizadeh1,2, Habib G. Khosroshahi1, Mojtaba Raouf1, and Alireza Molaei Nezhad1

1School of Astronomy and Astrophysics, Institute for Research in Fundamental Sciences (IPM), P. O. Box 19395-5531,
Tehran, Iran

2Institute for Advanced Studies in Basic Sciences (IASBS) Gava Zang, Zanjan 45137-66731, Iran

E-mail: habib@ipm.ir, m.raouf@ipm.ir, molaei@ipm.ir

(Received November 30, 2014; Reviced May 31, 2015; Aaccepted June 30, 2015)

ABSTRACT

We use the millennium simulation for studying the evolution of groups of galaxies over time. We find
fossil and non-fossil groups as well as old and young groups at redshift z = 0 and follow them back in
time to investigate the evolution of their parameters, such as mass assembly, luminosity gap and halo
mass concentration. We find that fossils assemble a larger fraction of their mass at z = 0 than controls.
The magnitude gaps between fossil and non-fossil groups are not the same because of major and minor
mergers, in old and young groups as well. We also find that WMAP1 and WMAP7 cosmologies lead to
the same evolutionary history for fossil and control groups.
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1. INTRODUCTION

From ROSAT observations, Ponman et al. (1994) ob-
servationally studied a class of groups with no recent
major group mergers called “fossil” groups of galaxies.
According to Jones et al. (2003), fossil groups are distin-
guished by the high absolute magnitude gap in R-band
between the first and second brightest galaxies within
half their virial radius(i.e. ∆M12 ≥ 2 ) and a minimum
X-ray luminosity of LX,bol ≥ 0.25 × 1042h−2

50 ergs
−1.

In this paper, using the the Millennium simulation
(Hereafter M:) Springel et al., 2005) together with the
semi-analytical catalogues of Guo et al. (2011, 2013),
we find fossil groups of galaxies as well as old and young
groups (Raouf et al., 2014) and calculate their prop-
erties in the simulation. We utilize simulations that
have been done in two cosmologies of WMAP1 and
WMAP7 and trace the groups back in redshift, from
the present time to z ≈ 1.0, and study the evolution of
group parameters and their halos. The MS (Springel et
al., 2005), simulates 21603 particles with dark matter
mass of 8.6 × 108h−1M� in a ΛCDM universe. Parti-
cles evolve in a co-moving box of 500h−1Mpc on each
side, from redshift z=127 up to the present. In Sec-
tion 2 we bring together the Raouf et al. (2014) criteria
for age dating of groups of galaxies and fossil criteria
(Jones et al., 2003). In Section 3, we discuss various
parameters of the groups and present their evolutionary
track over redshift. We finally summarize our conclu-
sions in Section 4. Throughout this paper we adopt
H0 = 100hkms−1Mpc−1 for the Hubble constant, with
h = 0.73.

http://pkas.kas.org

2. AGE INDICATORS OF GROUPS OF GALAXIES

Based on the definition of the age of galaxy groups as the
ratio of the group halo mass at z ≈ 1 to its final mass
at z ≈ 0, α0,1 = Mz≈1/Mz≈0, Raouf et al. (2014) re-
cently constructed a four observational parameter space
for the age dating of groups of galaxies. As introduced
previously by Dariush et al. (2007), old groups assem-
ble more than 50 per cent of their final mass by z ≈ 1
and young groups are those with α0,1 ≤ 0.3. Therefore,
beside the luminosity gap, they added constraints on
the total group luminosity which is indeed representa-
tive of the halo mass, luminosity of the brightest group
galaxy (BGG) and its offset from the center of luminos-
ity, namely the luminosity de-centring.

3. RESULTS: MASS HISTORY AND LUMINOSITY GAP

In 2013, Guo et al. (2013) used the technique of Angulo
& White (2010) and scaled Millennium and Millennium
II simulations and corresponding semi-analytical models
from WMAP1 to WMAP7. We examine the evolution
of groups of galaxies in both cosmologies.

Fig. 1 shows the evolution of the mass assembly his-
tory (upper panels) and magnitude gap, ∆M12, (bottom
panels) in fossil and control groups in WMAP1 (black
triangles) and WMAP7 (red and blue symbols) within
three bins of halo mass. The mass assembly of groups
refers to the ratio of the halo mass at redshift z to its
mass at z = 0. We see that the evolutionary track of
groups in both cosmologies are very similar. Therefore,
this change in cosmological parameters does not affect
the evolution of groups. As a result, we will continue our
investigation in WMAP1 cosmology and not consider
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Figure 1. Evolution of the mass assembly (αz0) and lumi-
nosity gap (∆M12) in fossil and control groups in WMAP1
and WMAP7 cosmologies. Three columns show mass bins.
As the plots show, there is no significant differences between
evolution in the two cosmologies, whereas the evolution in
fossil and control groups are different.

the WMAP7 data further. In agreement with Dariush
et al. (2007, 2010), another result from Fig. 1 is that in
both cosmologies fossils have assembled a higher frac-
tion of their final mass at high redshift, z = 1, and their
mass history varies less that of control groups. This
clearly implies that fossils are early-formed systems.

Groups with lower magnitude gaps are more likely to
have central major mergers. This fact causes the ∆M12

of control groups to experience less evolution in compar-
ison to fossil groups which we expect to have fewer major
interactions. In other words, major mergers in control
groups increase the magnitude of the first and second
ranked members by nearly the same amount, whereas
the giant central elliptical galaxies in fossils are more
successful than the second ranks in attracting smaller
galaxies, i.e. minor mergers. The minor merger in-
creases the luminosity of the brightest galaxies in fossils
groups.

We also compare the evolution of ∆M12 in old and
young groups with those in fossils and controls. As
shown in Fig. 3, old and young systems do not fol-
low the track of fossil and control groups. This is also
visible in the butterfly diagram of Fig. 2 (magnitude
of the first and second brightest galaxies, m1 and m2,
respectively) versus ∆M12). The mean value of ∆M12

for old groups at z = 0 is ∼ 1.6, while this value for
fossils is higher that 2.

4. CONCLUSIONS

We conclude our study as follows:
- Fossils assemble a higher fraction of their mass at

z ∼ 1.0, compared to non-fossil groups.
- The luminosity gap in fossils experiences more vari-

ation.
- Variations of cosmological parameters from WMAP1

to WMAP7 do not affect the evolution of groups signif-
icantly.

- The magnitude gap in old-young groups does not
follow the same behaviour as the fossil-controls.
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Figure 2. m1 and m2 versus ∆M12 in old and young groups
with a linear fit on it, shown with solid lines. The dashed
lines represent linear fits on the same data in fossil and con-
trol groups.
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Figure 3. The evolution of magnitude gap in old and young
groups in comparison to fossils and controls in WMAP1. Old
and young groups evolve less than fossil and control groups,
whereas old gropus still experience higher evolution in ∆M12

with respect to younger systems.

We also found that fossil and old groups are more con-
centrated than control and young groups, in agreement
with Khosroshahi, & Ponman & Jones (2007).
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