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0 3.1: Cluster Sample (Ly is computed for EAS model).

cluster z T. [keV]  Lx[10%hz@ erg s7!]  band [keV]
MS 1137.5 + 6625 0.784  5.7753 0.3 3.5
MS 0451.6 — 0305  0.550  10.475:3 0.3—35
C1 0016 + 16 0.546  7.5570:72 0.3—3.5
RX J1347.5 — 1145 0451  9.3707 0.1 -24
Abell 370 0.374  6.6707 0.1 2.4
MS 1358.4 + 6245  0.327  7.487029 0.3 3.5
Abell 1995 0.322  8.5970¢" 0.1 24
Abell 611 0.288  6.6705 0.1 —24
Abell 697 0.282  9.8757 0.1 2.4
Abell 1835 0.252 8217017 0.1 —24
Abell 2261 0.224 8.82+0:31 0.1-24
Abell 773 0.216  9.29703¢ 0.1 24
Abell 2163 0.202 12.27)1 0.1 24
Abell 520 0.202  8.3370%5 0.1 —2.4
Abell 1689 0.183  9.667032 0.1 —24
Abell 665 0.182  9.03+0:3 0.1-24
Abell 2218 0.171  7.057037 0.1 24
Abell 1413 0.142  7.54101% 0.1 2.4
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3.4 SZUO0OOUO0OO angular diameter distance ] [ [J
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f(.@):m<4—$COth§), r =

(3.4.6)

XO0OOoo : 0booXgbooobtnm<v<wdioodo

va(142) dQLX
0 / / 4.
Sx(0) = 1+z (142) avay (347)
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oAy a(T,)n gas( )gff(Te, V) exp < kTe> , (3.4.8)
257 2T 12 9
1) = . 4.
o(Te) 3m.2 (3m302kTe> 1+X (3-4.9)

gbboooggn
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ff ) . .
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00 ngso0 da(z) 0000000002000 ngs, 00000000000
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039 0000000000000 DO0O00000ODODO angular diameter distance O O [
00O Also plotted is the theoretical angular diameter distance relation for three different
cosmologies, assuming Hy = 60km/s/Mpc. (1) Reese et al (2000), (2) Mauskopf et al.
(2000), (3) Reese et al (2000), (4) Patel et al. (2000), (5) Grainge et al. (2000), (6)
Saunders et al. (2000), (7) Andreani et al. (1999), (8) Komatsu et al. (1999), (9) Myers
et al. (1997), (10) Lamarre et al. (1998). (11) Tsuboi et al. (1998), (12) Hughes et al.
(1998), (13) Holzapfel et al. (1997), (14) Birkinshaw et al. (1994), (15) Birkinshaw et al.
(1991) (Carlstrom et al. astro-ph/0103480).
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0 3.10: D, versus z for our 18 cluster sample. The error bars are 68.3% statistical uncer-
tainties only. Also plotted are the theoretical angular diameter distance relations assuming
Hy = 60km/s/Mpc for three different cosmological models; the currently favored A cosmol-
ogy Q,, = 0.3, Qy = 0.7 (solid) cosmology; an open €2, = 0.3 (dashed) universe; and a flat
Q,, = 1 (dotted) cosmology.
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O 5.3: Particle plots illustrating the time evolution of halos of different mass in an 2y = 1,
n = —1 cosmology. Box sizes of each column are chosen so as to include approximately the
same number of particles. At zg = 0 the box size corresponds to about 6 X ry99. Time runs
from top to bottom. Each snapshot is chosen so that M, increases by a factor of 4 between
each row. Low mass halos assemble earlier than their more massive counterparts. This is
true for every cosmological scenario in our series. (Navarro, Frenk & White 1997).
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[0 5.4: Density profiles of one of the most and one of the least massive halos in each series.
In each panel the low-mass system is represented by the leftmost curve. In the SCDM
and CDMA models radii are given in kpc (scale at the top) and densities are in units of
10'M, /kpc®. In all other panels units are arbitrary. The density parameter, €, and the
value of the spectral index, n is given in each panel. Solid lines are fits to the density profiles
using eq. (1). The arrows indicate the value of the gravitational softening. The virial radius
of each system is in all cases two orders of magnitude larger than the gravitational softening
(Navarro, Frenk & White 1997)
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O 5.5: The circular velocity profiles of the halos shown in the previous Figure. Radii are in
units of the virial radius and circular speeds are normalized to the value at the virial radius.
The thin solid line shows the data from the simulations. All curves have the same shape:
they rise near the center until they reach a maximum and then decline at the outer edge.
Low mass systems have higher maximum circular velocities in these scaled units because of
their higher central concentrations. Dashed lines are fits using eq.(3). The dotted lines are
the fit to the low-mass halo in each panel using a Hernquist profile. Note that this model
fits rather well the inner regions of the halos, but underestimates the circular velocity near

—-2-15-1-05 0

Log radius/rg,

the virial radius (Navarro, Frenk & White 1997).
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[0 5.6: Density and temperature structures of the halo at z = 1.8. The position of the
center of the halo was determined using potential minimum and averaged physical values
over each spherical shell (Fukushige & Makino 1997).
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O 5.7: The density profiles of the Coma cluster simulated at four different resolutions. The
curves begin at the spline softening lengths that were used and the number of particles
within the final virial radii are indicated (Moore et al. 1998).
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[0 5.8: The broken lines show the Virgo halo simulated at the same mass resolution but varying
only the softening parameter. This halo has a virial radius of 2 Mpc and contains 20,000 particles
within r,;,.. The values of the softening used are indicated next to each curve. The solid curves
show the same cluster resimulated with a mass resolution 20 times higher, but keeping the force
softening fixed at 10kpc. To demonstrate that relaxation is not affecting our results one of the
solid curves shows the profile at a redshift z=0.25(Moore et al. 1998).

[ 5.9: The same cluster simulated in the next figure but with two different values of the softening
length and keeping the particle mass fixed. The left panel shows a close up view of the inner 500
kpc of the last frame of Figure 1. In this case the softening was 0.2% of the virial radius. The
right panel shows the same region of the same cluster but simulated with a softening length of
1.5% of the virial radius. The lack of substructure halos in the right panel demonstrates that
softened halos are easily disrupted by tidal forces (Moore 2001).
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[J 5.10: The hierarchical evolution of a galaxy cluster in a universe dominated by cold dark
matter. Small fluctuations in the mass distribution are present but barely visible at early epochs.
These grow by gravitational instability, merging and accretion of mass, eventually collapsing into
virialised quasi-spherical dark matter halos. This plot shows a time sequence of 6 frames of a
region of the universe that evolves into a cluster of galaxies. The colours represent the local
density of dark matter plotted using a logarithmic colour scale. Linear over-densities are darker
blue, whereas the non-linear collapsed regions attain over-densities of a million times the mean
background density and are plotted as yellow/white. Each box is 10 Mpc on a side and the final
cluster virial radius is 2 Mpc (Moore 2001).
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[ 5.11: The density profile of the cluster measured in three runs with increasing resolutions (from
triangles to squares to circles). In the best run, the cluster contains over 4 million particles and
the force resolution is 0.05% of the cluster’s virial radius. The curves are an NFW profile (lower
curve) and a fit with the profile of Moore et al. (1999a), which rises more steeply (oc 7~1-5) at the
center than the NFW profile (o< r~1). With increasing resolution, the cluster’s profile continues
to approach M99a’s curve i.e. this appears to be the asymptotic profile in the limit of infinite
resolution. The vertical bars mark the radii at which the measured profiles are no longer affected
by finite numerical resolution (Ghigna et al. 2000).
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[0 5.14: Evolution of density profile of the halo for Run 16M0 and 2M0. The unit of density
is M, /pc?. The profiles are vertically shifted downward by 7,6, ..., 1,0 dex from the bottom
to the top. The arrows indicates ro99. The numbers near the dashed lines indicate the power
index of those lines. The numbers on the left of the profiles indicate the redshift (Fukushige

& Makino 2001). o
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[J 5.15: Rotation curves of high
resolution CDM halos (solid curves)
compared with LSB rotation curve
data (dotted curves). All of the

data and model rotation curves have
been scaled to a fiducial peak ve-

locity of 200 km/s. (Note that the

simulation halos and the data were
chosen to have peak rotational ve-

locities within 50% of this value.)
The total rotational velocity and the
baryonic contribution from the stars
and gas from a “typical” LSB galaxy
(UGC 128) are shown by the open
squares. The mass to baryon ratio
for this galaxy is nearly 20:1 and
the rotation curve data probes a re-
markable 25% of the expected viri-
alised halo (Moore et al. 1999).

0 5.16: A radial plot of the mass
density and light density. Total
(thick line) and galaxy-only (thin
line) components of the mass are

shown The dotted line is the best
NEFW fit discussed in the text, and

the dashed line is the best ﬁt sin-
gle PL model. The 35 h~! kpc soft

core in the mass is evident. A sin-
gular mass distribution is ruled out.

The total rest-frame V light profile
(solid line), and galaxy V light pro-
file (dashed line), smoothed with a
5 h~! kpc Gaussian, are also shown
(Tyson, Kochanski & Dell’Antonio
1998, ApJ 498, L.107).
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5.3.3 Collisional dark matter
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[J 5.18: Projected mass distributions in a box
15h~!Mpc on a side. The collision cross-sections
per unit mass, core radii, axis ratios for each
model and small panels showing the central re-
gion (2h~!Mpc on a side, enlarged) in a different
color scale are given to the right of the corre-
sponding image. (Yoshida et al. 2000, ApJ 544,
L87).
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0 5.19: Density profiles (top) and mean col-
lision counts per particle (bottom). The ver-
tical dotted line in the top panel indicates the
gravitational softening length of our S1 simula-
tions. The virial radius Rygg of the final cluster

is shown as an arrow. The “fluid” dark matter
case from Yoshida et al. (2000) is plotted as

the dashed line, while the dash-dotted line rep-
resents our higher resolution simulation of the
medium cross-section case (S2W-b). (Yoshida
et al. 2000, ApJ 544, 1.87).
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0 5.20: The total number of subhalos within
Rogp is plotted as a function of the lower limit
to their mass in units of Msyy. Results are plot-
ted for halos containing 10 or more particles.
(Yoshida et al. 2000, ApJ 544, L87).
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