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Energy Distribution of the Universe-Dynamical Indicators

Galaxy Clusters & Velocity Dispersion Galactic rotation curves do not fall off!
. ' A y » DISTRIBUTION OF DARK MATTER IN NGC 3198
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Energy Distribution of the Universe

Gravitational Lensing

Other Dynamical Indicators — Bullet Cluster
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Bottom Line: Very different systems

http://www.nasa.gov/mission_pages/chandra/multimedia/photos06-096.html
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at vastly different scales, show that

WMAP Density Fluctuations  — < 104 our currently observable universe is
: likely only 4.6% of the total energy

density of the universe.
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http://www.ift.uam.es/workshops/DarkMatters/
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What do we stand to gain from simulations?

Mock catalogs

Observational methods

Test analytical models of structure formation
Testing of specific cosmological models

Reveal dominant effects in evolutionary stages
Etc...
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Direct Summation

Collisionless Dynamics — Simulations of Pure Gravitation

Gravitational equations of motion.

i. V2@ = 4nGp
.. Of _ _ o Of
ii. —+v V.f = Vo -

Results from major methods agree

very well on collisionless dynamics.

Tree codes are the most common
modern codes.

Tree

N up to ~101° particles!

residuals

Poy [Mo/Mpc?]

Tree+Fast Multipole
O(N?) - OWlIn(N)) » O(N)

The Santa Barbara Cluster Comparison Project

C.S. Frenk et al 1999 ApJ 525 554
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Gas Hydrodynamics — Dealing With Interacting Matter

Intera cting pa rticles require new The Santa Barbara Cluster Comparison Project

algorithms. C. S. Frenk et al 1999 ApJ 525 554

i.  Gravitational coupling

ii. Many radiative processes

iii.  Mixing

iv. Need to model continuous
distributions.

Smoothed Particle Hydrodynamics,

SPH, smooths particle properties over a

volume.
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2 Where W, is a weighting function
h; is the smoothing length

entropy [conventional units]

™~ Disagreement |

SPH inherently adapts resolution to I at small scales

dramatically improve dynamic range.
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Gas Hydrodynamics — Modeling Sub-resolution Physics

Trying to resolve structures in a volume
1010 times smaller than the simulation
volume.

~0.1pc resolution required to explicitly
model gas and star physics.

Cosmological simulations limited ~1kpc
=~ Star particle represents 10,000 stars,
gas particles are often large volumes.

How do we model processes that are below
the resolution of our system?
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Modeling Sub-resolution Physics — Star Formation

Star formation is far from being resolved. Statistics are our savior.
All free parameters are
constrained by observations!

Reproduces Kennicutt-Schmidt Law
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Modeling Sub-resolution Physics — Feedback Mechanisms

The two free parameters in this implementation
are constrained by observations.
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Modeling Sub-resolution Physics —Cooling Mechanisms

e Primordial Cooling e Adiabatic Cooling
e Metal Cooling (with UV) e Compton Cooling

Shen, Wadsley, Stinson 2010; arXiv:0910.5956v2
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Modeling Sub-resolution Physics —Diffusion Mechanisms

With Metal Cooling and Diffusion
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SFR [My yr— kpe]

Modeling Sub-resolution Physics —Diffusion Mechanisms

No metal cooling/diffusion
Metal cooling/diffusion

Star Formation Rate Profile (t,.. — b00Myr < trpm << e}

— Na metal coolinlg:‘diffusion
- — Metal cooling/diffusion

StaréFormation Rate@
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Dominant Problems in Galactic Properties
Overabundance of central baryons
IGM metal deficiency at low redshift
High SFR at low redshift

Summary
Baryon’s are a small fraction of energy density.
Simulations have been, and will continue to be a powerful tool.
Dominant Models agree on gravity
Gas dynamics are very important to galaxy simulations.
Gas dynamics are working toward convergence among methods
Feedback mechanisms play a central role in formation of galaxies
Still problems

Future

* More particles
More physics
Greater understanding of galaxy formation
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