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Chapter I: Halo concentration,
in which we discover three stages of halo

formation
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Basic property of DM halos: you need it if you do anything with DM halos.

Tells us how halos formed.

Need high-quality data



Halo Concentration: C = Ryir/Rs

Brief review
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Halo Concentration: C = Ryi/Rs

Concentration
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Halo Concentration: flattening at high redshifts

First noticed by Wechsler et al 2003: C,irmin =4.1
Also: Zhao etal 2003, Zhao et al 2009
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Halo Concentration: evolution with redshift

After initial decline the concentration flattens and then starts to increase again
e ) ) S S

M=3x101"h-1M,

-
O
-
©
-
-
-
Q
Q
-
@)
O

(Mo, 2) = co(Muie) [8%/%(2) + £(572(2) — 1),

(14)
here §(z) is the linear growth factor of fluctuations
normalized to be §(0) = 1 and « is a free parame-
ter

Klypin et al 2010
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Structure of halos in the upturn:

Density Profiles: 3-4 sigma peaks

p(r) (h®Mykpc~?)
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mergers and fast accretors

L

N N N N N
Il
o B~ NN — O
C ool

AR EEEET

|o

1ol varu

2e14 (s=0.7866074);
5e13 (s=0.6688836);
2613 (s=0.5335957);
2612 (5=0.4940273);
5e11 (s=0.4215051);

5.42
4.30
3.48
2.79
2.90

LA gt

N N N N N
ORMN—=2O
=< <LZ
TR TI
OOOO
i

O
1l

0.01

vir

Courtesy of A.Cuesta



Halo Concentration: different ways
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Halo Concentration: evolution with time

Gadget: Millennium runs
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3 stages of halo formation
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Halo Concentration: 3 stages

(a) The main driving force of halo evolution is NOT the major
mergers:  they happen when they should happen
(b) The main effect is the halo mass relative to the typical mass at

given redshift: M/M-

&) Very rare peaks: radial infall results in a high
concentration. Another way looking at it: it builds dense

center of halos

@  Fast accretion with less radial velocities. At the end of
the stage we have the core build. Gives low concentration.

@  Slow accretion builds outer regions of halos.Velocity
anisotropy declines



Halo Concentration: different perspectives
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Halo Concentration: different perspectives

Zhao et al 2009, Klypin et al 2010, Prada etal 2010

Evolution of halo concentration is mostly defined by M/ M-

Vmax/ VZOO

-0.5 0 0.5
log,,(071)



Chapter 1I: Satellites

how and where they live




Main property of halos is circular velocity

Accurate predictions for Velocity
function of distinct halos
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Abundance of satellites
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Abundance of satellites
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Number-density of satellites

n(r)/ <n>
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Number-density of satellites

- I
Symbols are satellites in Via Lactea | 104 E | |
simulation (1 G particle, one halo :
with Vcirc =200km/s) normalized 5000 1= B
using Bolshoi I ]

!. .
1000 _
Curves are n(r) DM density A : .
=500 _
profile v i §
~ i -
3 . -
Dash - satellites in Bolshoi =

100 | r
Satellites tightly 50 -
follow DM atr > - -

0.2Rvir: they are NOT
‘flatter’ distributed in 10 F INE
the outer regions of 5 Ll L1 T —

halos 0.1 0.2 04 06081 2

) R/Rvir

Bolshoi and Vialactea Il. Klypin et al 2010.WWMAP-7
Subhalos are selected by circular velocity.
Satellites follow Dark matter for R= 0.2-2Rvir



Number-density of satellites
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How good are masses of subhalos?

6D halo finder vs Subfind
the same halos and the same circular velocities

6D halo finder vs Subfind
masses are 2-3 times different
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Chapter 11I: Conclusions

® Three stages for halo formation

e Mass accretion history is not the only (or even
main) component which defines halo
concentration: dynamics is different for different
stages.

® There 1s no ‘core’ in the satellites profile



