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General remarks: DM halos with & without
baryons in the ACDM cosmology

Notations:
 Pure DM simulations (PDM)
- Baryons + DM simulations (BDM)

A PDM HALO is a well defined object. Almost a general consensus
on radial structure, substructures, shape, angular momentum, ...

The structure of DM halos is well known (from simulations) but is
hardly understood (analytically)

No consensus on BDM halos
No numerical convergence
No general consensus on the subgrid processes

Results depends on the numerical implementations of subgrid
processes
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Theoretical Considerations: A. Adiabatic Contraction
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Theoretical Considerations: B. Dynamical Friction

THE ASTROPHYSICAL JOURNAL, 560:636—643, 2001 October 20
© 2001. The American Astronomical Society. All rights reserved. Printed in U.S.A.

DARK HALOS: THE FLATTENING OF THE DENSITY CUSP BY DYNAMICAL FRICTION

AMR EL-ZANT AND [SAAC SHLOSMAN

Department of Physics and Astronomy, 177 Chemistry/Physics Building, University of Kentucky, Lexington, K'Y 40506-0055;
elzant(@ pa.uky.edu, shlosman(@ pa.uky.edu

AND

YenuDpA HOFFMAN
Racah Institute of Physics, Hebrew University, Jerusalem, Israel 91904; hoffman@ vms.huji.ac.il

THE ASTROPHYSICAL JOURNAL, 607:L75-L78, 2004 June 1
© 2004. The American Astronomical Society. All rights reserved. Pnnted in US A.

FLAT-CORED DARK MATTER IN CUSPY CLUSTERS OF GALAXIES

AMR A. EL-ZANT.! YEHUDA HorFrMAN.? JOEL PrRIMACK.? FRANCOISE COMBES.* AND ISAAC SHLOSMAN?

* Clumpy mixture of DM and baryons - clumps loose energy to
the ambient DM -> heating and expansion of the DM

* A key element - clumps need to be baryon
rich or otherwise there is no effect!
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Theoretical Considerations: B. Dynamical Friction

THE ASTROPHYSICAL JOURNAL, 560:636—643, 2001 October 20

O e A i ey e Simplified Dynamical Model
* Substructures modeled as point-

like particles FRICTION
* Dynamical friction is modeled by s

Chandrasekhar (1943) formula
b« No evolution of substructures -
s The pmenen Asoremicisecer A no- attempt to account for star

formation, feedback, ...
FLAT « Start from NFW DM halos

AMR A. EL-ZANT.! YEHUDA HorFrMAN.? JOEL PrRIMACK.? FRANCOISE COMBES.* AND ISAAC SHLOSMAN?

DARK HALOS: THE

Department of Physics an

* Clumpy mixture of DM and baryons - clumps loose energy to
the ambient DM -> heating and expansion of the DM

* A key element - clumps need to be baryon
rich or otherwise there is no effect!
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Note on simulations:

* Initial conditions set by constrained realizations of Gaussian fields

* Romano-Diaz et al simulations - a first step in a project to 'design’
a halo ‘'on demand’

* Constrained Local Universt Simulations - use observational data to
constrain the ‘local universe’ - Local Volume, Local Group

Yehuda Hoffman (HUV) Meudon (June 2010)



Dissecting Galaxy Formation: Comparison of the
DM in PDM and BDM simulations

e Code SPH (FTM - Heller & Shlosman 1994, Heller et al
2007)

e Physics: feedback - stellar winds & SN -> delayed
cooling

e Physical coordinates, vacuum boundary conditions
e Computational sphere 6 Mpc/h

* Nioit~6.66, m(DM particle)~2.e6Msun

e Single halo sets as a constrained realization

Yehuda Hoffman (HUV) Meudon (June 2010)



General overview of
the PDM & BDM
halos:

Mvir‘ ~ 3.bel?2 Msun
Rvir- ~ 400 kpC
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The state of the baryons:
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15" Interim Report

* Adiabatic contraction works:
1.At z~4 the DM density profile is almost isothermal
2.At all times BDM density profile exceeds the PDM (at small
r's).

* Dynamical friction works:
1.At z<1 the BDM density profile flattens

2.The excess of DM (in the BDM vs PDM) at the center
decreases in time

* But the total effect depends on the details: mostly on the
feedback - controls the amount of baryons in the substructures

Yehuda Hoffman (HUV) Meudon (June 2010)
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R SUBSTRUCTURES
7z = 2.33 £ 7z — 2.33

Two competing effects:

. > The dissipative gas
2 makes the DM
substructures more
resilient to tidal

: disruption.

, _ 2131 = L . — 21393 * The host halo has a
deeper potential well -
hence stronger tidal
field.

And the winner is ...?

m . . ) 600 kpc _ Meudon (June 2010)
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Substructure (DM) mass function:
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Time evolution of
substructures parameters:
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Ve(max). (km s™')

BDM subhalos are more tightly bound

Yehuda Hoffman (HUV) Meudon (June 2010)
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2"? Interim Report: Substructures

* Subhalos mass function: ngom(M) =« neom(M) « M-¢ (a~0.9)

* BDM subhalos are more tightly bound, but so is the host halo:
Compared with the PDM the BDM subhalos
1. 'die younger'
2. loose more of their mass
3. loose more of their orbital energy
4. population is depleted faster

* But the total effect depends on the details: mostly on the
feedback - controls the amount of baryons in the substructures

Yehuda Hoffman (HUV) Meudon (June 2010)
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Coma Cluster

Virgo

Great Atfractor :

Stefan Gottloeber
Anatoly Klypin

Gustavo Yepes
YH
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The CLUES' WMAP3 LG Simulations

COSI’I’\O'OQY: WMAP3 (0'8=0.75, e Code: GADGET-2
{1n=0.24, h=0.73) *Halo finder: AHF
LG: MW, M31, M33 e Box: 64 MpC/h
.D(MW—{V\BI):O.9 Mpc/h - zoom: R=2 Mpc/h
* D(L6-Virgo)=9.7 Mpc/h effective 40963
*PDM: DM=2.5e5 Msun’/h
(elimsuyh) | Ror (kee/hl Vmax [kim/s] BDM: DM=2.1e5 Msun/h
M31 5.7 174 128 gas=4.4e4 Msun/h
com | 0 14 182 stars=2.2e4 Msun/h
MW 4.6 162 131
eom) | 0.12 155
M33 2.2 127 112
(8dM) | 0.06 118

Yehuda Hoffman (HUV) Meudon (June 2010)
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The CLUES' WMAP3 LG Simulations

COSH’\O'OQY: WMAP3 (0’830.75, e Code: GADGET -2
{1n=0.24, h=0.73) *Halo finder: AHF
LG: MW, M31, M33 - Box: 64 Mpc/h
‘D(MW-M31)=O.9 MpC/h e zoom: R=2 MpC/h
* D(L6-Virgo)=9.7 Mpc/h effective 4096"3
*PDM: DM=2.5e5 Msun/h
etimonhy | Ror e/ Vo [k/s) - BDM: DM=2.1e5 Msun/h
M31| 5.7 174 128 gas=4.4e4 Msun/h

stars=2.2e4 Msun/h

Bom) | 0.14 182
MW 46 @ 162 @ 131
Bom) | 0.12 155 Work in progress ...
M33| 2.2 | 127 | 112
8oM) | 0.06 118

Yehuda Hoffman (HU) DARK \TTE HE RSE Meudon (June 2010)
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Mass Accretion History

MW
M33

Arrows indicate epochs of
major mergers

| 6

lookbacktime (Gyr)

Yehuda Hoffman (HU) Meudon (June 2010)
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DM density profiles (z=0):

MW density profiles for PDM(black) & BDM(red) z=0 M31 density profiles for PDM{black) & BDM{red} z=0 M33 density profiles for PDM{black) & BDM{red} z=0
1OB LI AR AL R BN L R | LA A LEERLE U A 105 L LR LRI R R LA U R ) LB R 10 LI L R )| LA R ) g S S EiN] LRI LR A

M3l @ M33

he/rho_vir_M31z0
rhe/rho_vir M31z0
he/rho_vir_M31z0

Apparent disagreement with Romano-Diaz et al - no flattening of p(r)
* Different codes (numerics, resolution, ...)
* Different physics (feedback, ...)
* Different halos:
4 mass
4 merging history
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MW den3|ty proﬂ[es for PDM(bIack) &: BDM(red) z= 4
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MW den3|ty proﬂ[es for PDM(bIack) &: BDM(red) z= 3
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Self-Similar Nature of (PDM) Subhalos Abundance

Yehuda Hoffman (HUV) Meudon (June 2010)
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Self-Similar Nature of (PDM) Subhalos Abundance

— M31
— Milky Way
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Substructures: PDM vs BDM

PDM - subhalos BDM - subhalos BDM - satellites
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Substructures: PDM vs BDM

PDM - subhalos BDM - subhalos BDM - satellites
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PDM & BDM Vinax functions are similar
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A7 G2 In NpM
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Subhalos mass function is scale-
indpendent in Msubhalo/ Mhost
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. Subhalos mass function is scale-
Tor/Tdyn is expected to be

indpendent in Msubhalo/ Mhost

(roughly) scale
independent!

Yehuda Hoffman (HUV) Meudon (June 2010)
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3rd Interim Report: Adiabatic Contraction, Dynamical Friction and (BDM)
central density profile

In massive (> few 10!2 Mg) halos,
dynamical friction by substructures
efficiently reduces the central DM
density and flattens the inner
density cusp.

Romano-Diaz et al
(2008, 2009, 2010)
Johansson, Naab &
Ostriker (2009)

CLUES WMAP3 LG
simulations
Pedrosa, Tissera &
Scannapieco (2009,
2010) & Tissera et
al (2010)

In less massive (<10*? Mgun) halos,
dynamical friction by substructures
is less effective - reduces the
central DM density but does not
flatten the inner density cusp.

Yehuda Hoffman (HV) DARK MATTER IN THE UNIVERSE Meudon (June 2010)
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3rd Interim Report: Adiabatic Contraction, Dynamical Friction and (BDM)
central density profile

In massive (> few 10!2 Mg) halos,
dynamical friction by substructures
efficiently reduces the central DM
density and flattens the inner
density cusp.

Romano-Diaz et al
(2008, 2009, 2010)
Johansson, Naab &
Ostriker (2009)

CLUES WMAP3 LG
simulations
Pedrosa, Tissera &
Scannapieco (2009,
2010) & Tissera et
al (2010)

In less massive (<10*? Mgun) halos,
dynamical friction by substructures
is less effective - reduces the
central DM density but does not
flatten the inner density cusp.

WHY?

Yehuda Hoffman (HV) DARK MATTER IN THE UNIVERSE Meudon (June 2010)
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Substructures: baryonic (stellar) mass function

— M31
—— Milky Way

10~  10® 10®  10-'  10°
M: /M:

host

The self-similarity does not hold for the baryonic component

Yehuda Hoffman (HUV) Meudon (June 2010)
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® Msubstructure Scales with Mpost - the
more massive is the host halo the
more massive are the substructures.

e A conjecture: More massive
substructures are more baryon rich.

e It follows that in more massive hosts
the dynamical friction brings in more
stellar rich substructures to the
center, whose orbital energy is
pumped into the DM distribution.

Yehuda Hoffman (HUV) Meudon (June 2010)
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SUMMARY

* Adiabatic contraction works - in all simulations the central
BDM DM density profile exceeds the PDM profile
* Dynamical friction on substructures:

4+ Dynamical friction is the mechanism that transfers energy
to the DM

4+ Key point - substructures need to be baryon rich, so as to
replace DM by baryons
4 The magnitude of the effect depends on the details of
baryonic physics: star formation, feedback, ...
4 The effect depends on the halo (mass, merging history?)
- Both effects play a role in the interaction of baryons with
DM

Yehuda Hoffman (HV) DARK MATTER IN THE UNIVERSE Meudon (June 2010)
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SUMMARY

* Adiabatic contraction works - in all simulations the central
BDM DM density profile exceeds the PDM profile
* Dynamical friction on substructures:
4+ Dynamical friction is the mechanism that transfers energy
to the DM
4+ Key point - substructures need to be baryon rich, so as to
replace DM by baryons
4 The magnitude of the effect depends on the details of
baryonic physics: star formation, feedback, ...
4 The effect depends on the halo (mass, merging history?)
- Both effects play a role in the interaction of baryons with

DM
THANK YOU

Yehuda Hoffman (HV) DARK MATTER IN THE UNIVERSE Meudon (June 2010)

Friday, June 11,2010 38




