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Cooling
T,.=210*K
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#2. Galaxy Outflows

In a sample of 19 Ly-break
z~3 starbursting galaxies,
winds were found in all
objects.

Velocities ~200 km/s
Lya-nebular emmi.+ metal
absorption-nebular emission.

SFR ~ 20 Msolar /yr
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Wind-Minihalo Interaction

Ewind is = 10°°ergs ;
NFW halo => M=10°° M., ;
7~10157,

sun?

ES, Weisheit, &
Harlow (2004)




Fiduclal Interaction
E =10°ergs ; M=10°>M,; Z~101>Z

sun?

Cooling time

Cooling by:
nonequilibrium H2, HD
formation

A
\
&
|
L
N
k4
™
&
\
<
b
3

(H+e->H +hv;H+H->H,+e)
(H+ H*> Hy,*+ hv; H,"+e = H,+H")




Minihalo mass

Starburst energy
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FLASH3 (AMR) Simulations

e CHEMISTRY + COOLING

m Taken from Glover & Abel (2008)
m14 species:

H,H*,H,D,D*,D",He,He*,He** H,,
H,*,HD, HD* and e

m84 total reactions

Will Gray, ES (in prep)




Chemistry

m Rale Matrix Is Dense, Stiff Equations:
m Have 10 use general implicit solver
m Bader-Deuflhard Method, with LU decomposition
= You still have to subcycle when any abundance changes
than 10%




Test Results
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Gray & ES (in prep)




Test Results

--Fixed T and n

--Primordial
Composition

--H and He initially
(singly) 1onized

n,=0.01 cm
T =1000 K

Gray & ES (in prep)
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Cooling and Heating

m Within each chemistry subcycle

m Account for internal energy change due to
Recombination/ionization

= Implement radiative cooling. (atlow T, H,, HD
are the major coolants).




FLASH3 (AMR) Simulations

« initially hydrostatic cluster, static gravity

5 levels of refinement, 5123 effective
resolution, 1 kpc® box

« NFW halo (M, =105 M

sun)

 Saguaro computer cluster
(4096 core cluster at ASU)

e Chemistry and Cooling

Gray & ES (in prep)
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Issue # 1: Globular Cluster
Mass/Sizes

Disk shocking

Evaporation
1 312 M2

Dynamical Friction
I\% e

Maximum mass Is an
Intrinsic property of
the initial GC
population




#2: Globular Cluster Metallicities

| Arﬁandréff &'Zinni988

Double-peaked
[Fe/H] ~ -0.5 + .25

[Fe/H] ~ -1.6 + .35

Narrow range < AZx 0.1
In each GC

Subgrid models of
turbulent mixing




#3: No Dark Matter In GCs

N o e e Grillmair etal 1995
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