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B Theoretical interest: what isthefinal state of
the cosmological self-gravitating system ?
® forget cosmological initial conditions?
® keep initial memory somehow?

B Practical importance: testable predictions for
galaxies and clusters

can distinguish the underlying cosmological model
through comparison with observations (i.e.,
galactic rotation curve, gravitational lensing, X-
ray/SZ observation)
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NFW (1996)

B 1970: Peebles;, N-body ssmulation (N=300).
B 1977: Gott; secondary infall model p  r 94,

B 1985: Hoffman & Shaham; predict that density
profile around density peaksisp  r —3(+3)/(n+4)

B 1986: Quinn, Salmon & Zurek; N-body simulations

(N 10000), confirmed p  r —3(+3)/(n+4),

B 1988: Frenk, White, Davis & Efstathiou; N-body
simulations (N=323), showed that CDM model can
reproducetheflat rotation curve out to 100kpc.

B 1990: Hernquist; proposed an analytic model with a
central cusp for dliptical galaxiesp r “(r+ry =.
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W halo density Navarro, Frenk
profileis | & White (1997)
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M |ow mass/force resolutions

shallower potential than real
artificial disruption/overmerging
(especially serious for small systems)

e = 1kpc e = 7.5kpc central
500kpc
. lfegion of a
- - smulated
. WS haloin
| SCDM

M oor e (2001)
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Y oshida et al. (2000)
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B inner slope in higher-
resolution ssmulations
IS steeper (~—1.5) than
the NFW value (-1.0)

Fukushige
& Makino (1997)
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Jing & Suto (2000)
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B Simulations

® Profiles of dark matter halos seem to be fairly
universal (at least approximately)

® Shape of halo profilesis independent of the
cosmological initial conditions

® Cusp rather than core in the central region
B Theoretical models

® The presence of cusp is consistent.

® | nner slope is expected to depend on the
primordial spectrum of fluctuations in general.
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Mooreet al. (1|999) |
E I ] 1 3 | 1
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W dwarf spiralsto giant low surface brightness galaxies
Indicate the central cores rather than cusps!

CDM
(Moore et al. 1999; de Blok et al. 2000; Salucci & Burkert 2000)
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Galaxy Cluster Abell 2218
Hubble Space Telescope » WFPC2
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CL 0024+1654

reconstructed mass distribution

HST Image
. J (With 512 parameters)

e Tyson, Kochanski & Dell” Antonio (1998)

Z£=0.39, L,=5>%10% h* erg/s
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CL 0024+1654
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B Observations favor the presence of core rather
than cusp.

® Rotation curves of low-surface brightness galaxies
® Cluster mass profile from gravitational lensing
® still controversial, but ...

B Cold dark matter isreally collisionless ?
Self-interacting dark matter
(Spergel & Steinhardt 2000)
B Baryon physics
® Bar-driven core formation ? (Weinberg & Katz 2001)

@® Radiative cooling, star formation
CDM crisis ?




Self-interacting dark matter

B Collisonless dark matter

® reproduces nicely the observed large-scale
structure of the universe (r 1Mpc)

® problems on smaller scales (r<1Mpc)
L SB rotation curves, soft corein CL0024+1624,

prediction of afactor of ten more subhalos than
observed in the Local Group

M Required scattering cross section
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Collisional Dark Matter
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Tangential and radial arcs

MS2137-2353 e
(z=0.313)

Radial arc

Tangential
arc
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Model for halo density profile

B Halo density profile

p{?‘) = o pﬂﬁtfsﬁ 3=
(r/rs)” (L +7/7s)

B Concentration parameter
B rvir( M, 2)

CViI'(Mi z) ==

rs(M, 2)

I _ o ( -ﬂ’{vir )—ﬂ.lﬂ
14z \10“A-1 M,
B L og-normal distribution for scatter in c.,,

A(log c,;,)=0.18 (Bullock et al. 2001; Jing 2000)
B Freeparameters. ¢...,.and a

ﬂvir(-fw: .E.") = Cnorm
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Expected number of arcs

Number of arcs per unit solid anale

halo mass function
(lens objects)

Cross section of arc
formation in a given halo

unage% luminosity

/ . function
«+=/ lensing (sour ces)

Ogurl, Taruya & Sute (2001)

source
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Constraints from the existing arc samples

B tentative application to 13 galaxy clusters
with S,>10*?erg/s/cm? and 0.1<z <0.4
= Nigt tan=19, Nyt 1og=2 (Luppino et al. 1999)

Observed high-
frequency of radial arcs
favors the steep central

cusp in massive halos
as indeed suggested by

CDM simulations
(Molikawa & Hattori 2001)

Concentration parameter

Ogurl, Taruya & Sute (2001)
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Time-delay iIn QSO multiple images
to probethe halo density profile

B Time-delay is
sensitive to the inner
slope, but insensitive to
cosmological parameters
(except Hy 1)
B Steeper inner profile
larger time-delay

AN
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Tentative applicationsto 4 lens systems
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B The situation Is confusing at best.

® Numerica ssimulations for collisionless dark matter
consistently suggest the formation of a central cusp
(19 rather than acore.

® No convincing theoretical model yet which accounts
for the universality of the shape of the profile.

® Collisional dark matter with an appropriate cross
section can erase the central cusp but result in too
spherical halos.

® Gadlactic rotation curves indicate arelatively flat core
rather than a cusp, but gravitational lensing indicates
the contrary.

B More work remains to be done.

CDM crisis?
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