Where are the baryons?
constraints from absorption line studies
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Overview
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- the hidden baryons problem
- intergalactic medium/galaxy co-evolution
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Deuterium Primordial Abundance

Fraction of critical density
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Baryons Census

(Nicastro, Mathur & Elvis 2009, Science)
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Mass Fraction Evolution
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Warm-Hot Intergalactic Medium
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WHIM: gas with
10°<T<10’ K

multiphase ISM, stellar
formation, feedback,
galactic winds
= to reproduce the
history of star formation

50Mpc/h ACDM
simulation, with

hydro code.
(Cen & Ostriker 1999)




WHIM Tracers
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Simulating the IGM

z=20.0 ClV

32 M,
pclh box (Oppenheimer, Dave & Finlator 2009)

17,000,000 gas particles



Observation of the IGM
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Detected 1n absorption 1n Ultra-Violet
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UV Absorption
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1014

- ___ scatter
s e i A= TG

XMM Chandra




BINGO! Project

(Agence Nationale de la Recherche)
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Marseille (Deharveng, Milliard, Tresse, Vibert, Conseil, Frank, Popping,
Zafar, Peroux)

o Lyon (Blaizot, Courty)




" Mare Nostrum
8 Simulation
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- dark matter density
- gas density

- gas temperature

- star colors

=> study possibility to look for
signture of WHIM in emission

=> approach based on simulation +
observations

(Rasera & Teyssier)
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Lyman-alpha Emission
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FIREBall Instrument
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2000 Ang window

1t flight July 2007

science flight May 2009
=> upper limits

next flight 2013-2014




Overview
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- intergalactic medium/galaxy co-evolution




Evidence for Winds
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Other Observational Evidence for Winds
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NalD in local ULIRGS (Crystal

Martin et al.)
Mgll in high-z galaxies

UV-bright galaxies (Heckman
et al.)




Metal Pollution

T . . A D o a W Sl M Vo ot wone Y S oY iy J ; = . » - w
s I R A Tt G P GG IO A TS ala b Bt S LT TR s 210,00 w1 i i DTSV L Bt I S0 B

Time since the Big Bang (Gyr)
bR 2 1 o Carbon IV

| | | ' | ! | L 3
evolution in the
IGM

?

[

Redshift

(Ryan-Weber, Pettini, Madau & Zych 2009)




Simulations of Omega_CIV
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Evidence for Accretion
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Evidence for Accretion

mOk . - - ¥ o wn W S mey ¥ - L 5 - - - - E
LA A A Tt G oo GG DT S A T4 Lo deiai s 0 LD e T PG : e il

‘ q Star Formation Rate

e
SFRD

Neutral Gas

: 5.0
= (Putman et al. 2009)




Table 1. Selected previous simulations of DLAs.

Reference(s)

Type

SF

Tonization/RT

Max Vol

Gas res?

Katz et al. (1996b)
Gardner et al. (1997a)
Gardner et al. (1997b)
Haehnelt et al. (1998)
Gardner et al. (2001)
Cen et al. (2003)
Nagamine et al. (2004a)
Nagamine et al. (2004b)
RO6

Nagamine et al. (2007)
RO8

This work

SPH
SPH

SPH
SPH

Eulerian
SPH

Adpt Eulerian'®
SPH
Adpt Eulerian'®

None
None

None

Yes, weak FB(®
Yes, with FB®
Multiphase/GW®

None
Multiphase/GW®
Basic

Plane correction'®

Plane correction'®

Den. cut®

Plane correction'®
Hybrid?

Eq. thin/MP®

Non-eq. live RT/post-processor‘!?)

Eq. thin/MP®

Non-eq. thin/post-processor{1?)

(22 Mpc)?
(22 Mpc)?

N/ A

(17 Mpc)?
(36 Mpc)?
(34 Mpc)?

(8 Mpc)?
(14 Mpc)?
(45Mpc)?

102-; Mg
10%“ Mg

6.7
1087 Mg
102 Mg,

11kpe
104 Mg

0.1kpe
5.0
105 Mg,

0.09 kpc

SPH Yes, with FB®:1D Eq. thin/RT post-processor'!! (25 Mpc)? 10 Mg

(DThe largest volume simulated for the study, in comoving units.

(The best gas resolution achieved in the study, which may not have been achieved in the largest volume. For SPH (Lagrangian) simulations, we give the
smallest particle mass; for Eulerian simulations, we give the finest grid resolution (in physical units at 7 = 3).

Guy background in optically thin limit; sightlines post-processed using plane-parallel radiative transfer and ionization equilibrium.

(YUVB optically thin, but in post-processing all gas particles assumed fully neutral for number densities n > 10™2cm™.




Simulation of Omega_HI
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Nagamine 04, Tescari 09: mass reprocessing

Pontzen 08: only z~3

Hopkins et al., Bauermeister et al., Obrewskov et al.

=> new data coming with BOSS (BigBOSS, ngCFHT)




70 systems

1.7<2,15<4.3

1000
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Connecting Gas & Star Formation
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o Lookmg in emission for absorbing gas with SINFONI

Q1009 Ha(z=0.887) 7~2
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(Peroux, Bouche et al. 2011a, 2011c)




per unit area
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Metallicity Map
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N2 parameter (Pettini & Q1009 12+log(0/H)
Pagel 2004)

collapsed [NII]/H-alpha
ratio map

metallicity rather uniform

=> possible signature of
accretion

(Cresci et al. 2010, Nature)

(Peroux, Bouche et al. 2011a)




Metallicity Gradient
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Kinematics
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Conclusion
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o Galaxy evolution studies need to take into

account interactions with the InterGalactic
Medium




