Star Formation & DLAs in
Cosmological Simulations

Ken NAGAMINE
Dept. of Physics & Astronomy
UNLV

Collaborators:

R. Cen, J. Ostriker (Eulerian)
L. Hernquist, V. Springel (SPH), A.Wolfe (on DLAs)
M. Norman, B. O’Shea (AMR)




Outline

Recipes for star formation (SF) & feedback in
cosmological simulations -- past efforts

Some highlighted results on galaxies and DLAs
from Eulerian & SPH simulations

Alternative SF recipe: Blitz’s pressure criteria
Problems in current simulations

Future efforts




SF recipes

Two basic models:

® Cen & Ostriker (1992)

Eulerian hydro simulation

® Springel & Hernquist (2003):
SPH (smoothed particle hydrodynamics),
subparticle multiphase ISM model -- extention of

Yepes et al. (1997)




Cen & Ostriker (1992)

® 4 criteria for a cell to be star-forming:

(overdense)

(contracting)

(cooling fast)

(Jeans unstable)




Springel & Hernquist (2003)  Yepes+'97
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Feedback
® Cen, KN & Ostriker ‘05

AFEgy = Esnm*cz

(€srn = 1078 —-107°)

temperature metallicity

AEyy = fES{:,E Cuv,Z m*CQ AFEacN = fv EAGN m*'ﬂz
(EuU,E =107° —1[]_4) (fESC =2 — 4%} (EﬁGN ™~ 10_5)

® Springel & Hernquist ‘03

d/Oc _Aﬂ& Alp) = A (,0)4/5
dt |py ot 7T o

(evaporation of cold gas by SN feedback) (McKee & Ostriker ’77)
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Galactic wind in SPH simulation

temperature
mass loss rate:

[MW — TIM*J (m

wind energy:

(1 )
EMWU\Z)V — XESNM*a

\ _500.kpe/h

¥ with winds

< no winds




Some highlighted results on

galaxies and DLAs




Cosmic Star Formation History
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Metal mass density
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Lyman-break Galaxies at z=3-6
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HI & DLA statistics
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~400 kpc comv
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DLA statistics

KN+ (2004a,b; 2006)
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Kennicutt Law



Kennicutt Law in Cosmological
SPH Simulations

mlMEpU—E slope=1.55 | 4
e Too much SF at S

low NH in the
original sim!?

® Raising p:h seems to

work better

(cf. Kravtsov ‘03: n=50 cm™) - original

® Making SF time-scale _
. - new=0.2cm3
longer just lowers -

normalization




Column density distribution
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Alternative SF recipe:

Blitz’s Pressure Criteria




Blitz’s Pressure SF Criteria

Y2 (HCN)

2SFR = €2gfmol

- Ya2(CO)

fmol =~ = =

E_g (1 + Rmul)

EHE R'm,ﬂﬂ 1+ (Pemt)

Py

S 2 (HCN)
[ S t12(CO)

Py =(4.340.6) x 10* K cm_?’)

[ ~ou

Blitz & Rosolowsky (2006)



Blitz’s Pressure SF Criteria

2ISFR = — Gyr™*

— Gyr !

(cf. Kravtsov ‘03: Py OX Pg )



Pressure-density diagram in
cosmological SPH simulation
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when the molecular fraction is
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Test run:
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Blitz’s low pressure +
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f(NHi) with Blitz SF criteria

® Some overprediction
at log NHi>21.

— A Q3b2 z=4 (Blitz low P)
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Blitz SF criteria

slope=1.55 [.4

Q3—orig z=3

® slope became Q3b2 (Blitz low P)

closer to |.4.
(encouraging)

slope=1.0
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green contour: original Q3 run
(10 Mpc/h, 2x14473, S&H SF model)




Problems in Current
Cosmological Simulations

Inadequate resolution
Angular momentum transfer problem

Feedback by SNe and BHs

Radiative Transfer




Future efforts

Higher resolution: 10003 - 20003

More realistic models of SF and feedback --
multiphase ISM

Radiative transfer

Code comparisons: e.g. AMR vs. SPH

(Adaptive Mesh Refinement vs. Smoothed Particle Hydrodynamics)




Code comparison: SPH vs. AMR

dark matter power spectrum
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Extending the comparison to
the runs with cooling & SF

L14N256,ZEUS,UNI,z=3
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The End



