Modelling Neutral Hydrogen in

Cosmological Hydrodynamic Simulations

Kloster Seeon - June - 2011
Gabriel Altay

Neil Crighton, Claudio Dalla Vecchia, Joop
Schaye, Tom Theuns, Freeke van de Voort

1CC

Institute for

]
W Durham

University

Computational Cosmology




H Column Density / Temperature

2.0 5.5 6.0

250 Physical kpc/h




HI Col. Den. Thin / Shielded




Reference WMAP7 Model

—1 O L L e e e e
| - OWLS SIMULATION, LO25N512, z=3.00 1 UV Background from
M, —Projected - Haardt & Madau 2001
" —= VP Fit ]
i Y | =
. e My =1.2
T B %, Lyman Limit Systems ] .
3 _ O o | Mid range
< 5, | | - observations still
"t somoes Ly | inferred
= omped Ly—-a
~—r Ly—a Forest o stems C
Yl Ry, No tuning of
o - Observations ‘E%ﬁk | simulation
o (4 Kim02 z=[2.9,3.47] UVES on VLT h" | parameters or RT
- o POW10 z=[3.3,4.4] SDSS DR7? - :
Per05 z=[1.8,3.5] UVES on VLT %" .
110me07 z=[1.7,4.5] ESI on KECK Temperature adjusted
—23573.0me07 2=[1.7,4.5] MIKE on Magellan 7 b/c we know its too
A NPLS09 z=[2.2,5.5] SDSS DR7 i
A I TR SR SRR | hlgh N hydrO run.

12 14 16 18 20 22
log (NHI/Cm_z)



UV Background Normalization
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Molecular H and Temperature
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Full Range of OWLS Models - I
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Headline: Subgrid physics
prescriptions have a
relatively minor effect on
the CDDF except where
the H2 / Star forming gas
IS involved

Sig8 = Abundance of
Halos does.
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Hl Weighted Quantities - T
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UVB Normalization /
hardness and
temperature choices
determine how far the
deviation from power
law behaviour is.

Large spread in
values in LLS regime
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Flattening in LLS range
depends on UV Bgnd.
and Temperature
treatment.
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gas is fully neutral and
must become more
dense to add column
density



Decomposing the CDDF - |
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Decomposing the CDDF - I
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Decomposing the CDDF - Il
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Conclusions

The OWLS models with the correct cosmology, HM01 UVB, and
a shielding correction match the observed CDDF over ten
orders of magnitude in column density

The various sub-grid prescriptions have a smallish effect
especially at log NHI < 20.5

The most important influences are temperature treatment
(including thermal feedback, metal line cooling, shielding of
photo heating) and sigma 8.

Depending on your definition of cold accretion the fractional
contribution to the CDDF is either roughly half (fixed Tmax) or
at most half (fixed Tmax/Tvir).
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