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Simulations need to account for the full cosmic matter-
energy content

MATERIAL IN THE UNIVERSE

ot =1
flat space-time

Cosmological

Constant
“Dark Energy”
85% Dark Matter
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Matter

15%




How did the primordial Universe produce
galaxies/planets/people?

* Gravity Rules! Which drives the growth of all
structure

* Microphysics of matter/radiations drives the
formation of heavy elements and the
generation of light

* Macrophysics of hydrodynamics and
thermodynamics from stars, galaxies and
larger structures.



Recreating the Universe in a computer
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Dark matter halo abundance is well described with Sheth-Torman form.
Springel et al. 2004



* The large N-body dark matter with uniform mass
resolution like the MS may be not ideal to study
internal structure of galaxy size halo ~1el2 solar
masses.

* To reliably revolve mner structure of dark halo,
one needs least million particles.

* We need a simulation 1000 times bigger than the
Millennium simulation!

A resimulation will help here!






i OAQ Partic]cs simulation of a ga]axg sized halo
Springel et al. 2008




IOA9 Partic!es simulation of a cluster sized halo
(Gaoetal 2012

~ N o




Structure of dark matter halos

Halos extend to more than 10 times the visible radius
of galaxies and contain more than about 10 times
the mass in the visible regions

Halo are not spherical but approximate triaxial
ellipsoids

Cuspy density profiles with outwardly increasing
slopes.

Substantial number of self-bound subhalos contain
about 10% of the halo mass.



Sma” scale structure in halos

A rich galaxy cluster halo Gao
A ‘Milky halo’ Springel et al. 2008 et al. 2012
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Dark halo tests of LCDM

Measures of the shape and density profile of halos from Lensing and
dynamics of visible tracers (stars, satellite galaxies)

Limits on the central cusps from galaxy rotation curves

Limits on amount of substructure from Observed satellites number
counts and image distortion of background lensed objects.

Detection of dark matter annihilation signal.

Predictions for all these properties require simulations.
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An improved fitting formula
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Numerical convergency
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Halo concentration depends systematically and weakly on
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slope
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The structure of the cusp
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Substru ctures

]mPortant for annhilation radiation
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TE@ mass function

01( substructures

The subhalo mass function is
shallower than M2

Most of the substructure mass

IS In the few most massive
halos

The total mass in
substructures converges well
even for moderate resolution

\/irgo consortium
<

Springel et al 08

1 lﬂq:l[lll | Illlllll llI!lll'I llllllll'l LR ERL] R RRLI]
100k X Aquarius B
- NM) e« M -
102 —
:é‘) - -
& 10 —

Ag-A-1
| Ag-A2 ]
AgQ-A-3
10°—  Aq-A4 =
i AQ-A-3 R
o
‘10-10 1 1 |||l||l 1 1 ||l||ll 11 |i||||l 1 1 l|||||_| 11 |l|ll|l 1 1 ||l|||| ‘:I‘."L
104 10° 10° 10 10® 10° 10"
My (ML)

300,000 subhalos within virialized region
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Subhalo spatial distribution
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Subhalo radial distribution is almost identical for cluster and gaiaxg.
subhalo mass fraction is hig}wer evergw}were in clusters than in gaiaxics, csPeciaHg

in the innermost regions.



The specific mass function of
substructures
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Structure of subhalo

O
0, =L BEEAHT My
| d-ThOkm

a-nle

q

a.1 1.0

r[kpe]

¥, -u’um#@

ae , =1 0KE+10 My

[ W-Fi2kpe
:m-ll-i'-l- :

; -mhnr'-

3 .u_,-MI:E-H:BM.

[ - 1BbAkpo |
::e--ILﬂ-E- :

Q.0 2.1 1 10.0 a.1 1.8 0.8

r[-lq_:::] r [kpe]

Subhalos are

A!most truncated

DM halos

SPringe] et a. 2008



Concentration of subhalos
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Annihilation

radiation from

cluster ha]os

Gao, Frenk, Jenkins,
Springel & White ‘11
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Substructure boost

Extrapolating luminosity down to 10-°M, (e.g. for 100 Gev WIMP)

For dwarf galaxy b~ few
For galactic halos b~100
For cluster halos b~1300 (Gao et al. “11)



Annihilation
radiation

Surface
brightness

Gao, Frenk, Jenkins,
Springel & White 12
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Properties of nearby galaxy clusters,
satellites of the Milky Way and M31

Object Name Core radius Distance Mg [M] L F=L{ (47rd2) S/N
[arcmin]  [Mpc] Mol [Luw] [Fanw] [(S/N)mw]

AWM 7 355 67.0 4.2el4 3.8e4 3.2e-4 6.8e-3
Fornax Cluster 34.1 17.5 1.0el4 6.4e3 7.9e-4 7.3e-3
M49 59.6 18.2 0.4el4 2.1e3 2.4e-4 3.0e-3
NGC 4636 52.6 174 0.24e14 1.1e3 1.4e-4 2.0e-3
Centaurus (A3526) 40.1 50.5 2.6el4 2.1e4 3.1e-4 5.9e-3
Coma 36.1 95.8 1.3el5 1.5e5 6.4e-4 1.3e}2
Draco 16 4 0.082 N/A 2.8e-3 1.6e-5 6.3et4
UMI 184 0.066 N/A 2.3e-3 2.0e-5 7.5e-4
Leol 4.4 0.25 N/A 1.9e-3 1.2e-6 8.2e-5
Fornax dwarf 59 0.138 N/A 1.0e-3 2.1e-6 1.5e-4
Leoll 25 0.205 N/A 4.5e-4 4.1e-7 3.1e-5
Carina 4.6 0.101 N/A 3.8¢e-4 1.4e-6 1.0e-4
Sculpt 132 0.079 N/A 1.7e-3 1.0e-5 4 .9e-4
Sext 3.3 0.086 N/A 1.6e-4 8.2e-7 6.1e-5
UMall 28.8 0.032 N/A 1.4e-3 5.1e-5 1 3k 3
Comber 159 0.044 N/A 8.0e-4 1.7e-5 6 QE 4
Will 17.1 0.066 N/A 2.1e-3 1.8e-5 7.05-4
LMC 82.5 0.049 N/A 2.0e-2 33e4 3.1e-3
SMC 455 0.061 N/A 1.0e-2 1.1e-4 1,73
M31 3520 0.807 6.8el1 2 4e2 1.4e-2 2_.31e z




Conclusions

o Halos have nearly universal “cuspy” density profiles

~10% of halo mass is in substructures, primarily in
outer parts

Annihilation radiation

- Emission from galaxies and clusters is extended
boost factor is about one thousand for clusters, one

hundred for galaxy and few for dwarfs

 Coma cluster has 10 x (S/N) of UMAII, thus with other
nearby rich clusters, offer the best sits to detect dark matter

annihilation



* Fornax cluster is predicted to be 15 times
brighter than the brightest dwarf spheroidal,
UM _Il, and 40-50 times brighter than UMA-1,
Draco or Wilman-1.

 But Fornax cluster is too extended. Coma is
slightly fainter but has large S/N thus offer
the best place to detect dark matter
annihilation.



Evidence for extended excess emission in the centre of galaxy clusters
ABSTRACT

We report evidence for extended emission in Virgo, Fornax and Coma from
maximume-likelihood analysis on 3-vear Fermi-LAT data in these three cluster regions.
For all three clusters, excess emission is observed within three degrees of the center,
peaking around GeV scale. This can not be accounted for by known Fermi sources
or the galactic and extra-galactic background emission. If interpretated in terms of
annihilation emission from supersymmetric dark matter (DM), the data prefer a DM
model with a particle mass in the range 20 — 60 GeV annihilating into the bb channel,
or 2 — 10 GeV and > 1 TeV for u"u~ final states, coinciding with that found by a
recent DM search in the galactic centre. An extended DM annihilation profile domi-
nated by emission from substructures is preferred over a simple point source model to
fit the data, giving a significance of 4.4¢ in Virgo and lower in the other two clusters.
We also consider the possibility that this excess is cosmic ray (CR) induced gamma-ray
emission, yielding a CR level within a factor of three of that expected from analytical
models. However, the significance for an additional CR component is lower than that
for a DM component, and there’s no need for such a CR component in the presence of
a DM component in the preferred DM mass range. We also set flux and cross-section
upper limits for DM annihilation into bb as well as 4™~ channels in all three clusters.




