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80 % of the baryons at z=3
are in the Lyman-a forest
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the WMAP era.....
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The LUQAS sample - |

systematic errors

Effective optical depth
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High reso:lution UVES like spectra
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Few % even at very large scales
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Clustering can contribute up to 20-30 %

- inclusion of this effect by the SDSS dramatically
changes their results
40 detection of runn.spectr.index —s»  no running
change in the slope of afactor 0.06 at k=0.009 s’km
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The flux power spectrum from LUQAS
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Effective bias method (croft et al.2002)

From hydro-simulations

P rux (K) = bz(k);‘ P matTer (K)

Depends on cosmological parameters, mean flux level,
temperature

for critical discussion see Gnedin & Hamilton 2002 and Zaldarriaga Scoccimarro Hui 2003
Main drawbacks: it misses dependence on cosmologica parameters
mode coupling is expected
are the forest structure redly linear ?

The flux power spectrum seems to be a robust statistics (Galactic winds, DLAs, metals...)
e.g. McDonald et al. (2004)
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P (k) (kants)

Hydro-simulations: resolution & box size

COSMOS computer at DAMTP - Cambridge

1D power spectrum of the flux
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Hydro-simulations: systematics effects
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Hydro-simulations: scalings
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Effective optical depth
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Hydro-simulations: what have we learnt?
Many uncertainties which contribute more or less equally
(statistical error is not an issue!)
ERRORS CONTRIBUTION TO FLUCT. AMPL.
Statistical error 4%
Systematic errors ~15%
T o (z=2.125)=0.17 + 0.02 8 %
T o (2=2.72) = 0.305 + 0.030 7%
y=1.3+0.3 4%
T, = 15000 + 10000 K 3%
Method 5%
Numerical simulations 8 %
Furhter uncertainties 5%
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Thelinear dark matter power spectrum at z=2.72 and z =2.125
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Cosmologica implications: combining the forest datawith CMB - |

LIS LIspT— T 3
110} 1.10} 111
105 105} 110

n [ n L gcs
1.00:- 1.00: 105
0.95[ 0.95 ]

: : 108
0.90" 0.90f
[ [ —;0.7
08 I B 0.85"|...|...|..‘........|.‘.|...|.;
0.14 016 018 020 022 0.240.26 0.280.30 0.32 0.340.36 0.38
o Tefy

Dr. Matteo Viel, oA, Cambridge (KITP Galaxy-IGM Program 11/23/04)



Quantitative Cosmology with the Lyman-Alpha

Forest

TWO QUESTION

high or low

S:

1) WHICH OBSERVATION,S ?

resolution?

2) WHICH SIMULATIONS ?
full hydro or hydro-pm codes?
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HPM simulations of the forest
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We thus conclude that the ITPM approximatinn
can be succemsfully used to maodel the Lyman-alpha forest

when a 10-15% accuracy v suficent. Gnedin & Hui 1998
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HYDRO vs HPM : flux statistics
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Cosmological implications: combining the forest datawith CMB - |1
MV, Haehnelt, Springel 2004
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Note that the flux bispectrum analysis agrees with these values
MV, Matarrese, Heavens, Haehnelt, Kim, Springel, Hernquist, 2004
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Cosmological implications: combining the forest datawith CMB - 111
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Cosmological implications: constraints on slow-roll inflation - 1V
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Cosmologica implications: constraints on neutrinos and WDM -V
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| onizing background

With the fluctuating Gunn — Peterson approximation
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SUMMARY

substantial agreement between SDSS and LUQAS but SDSS has
smaller error bars not because of the larger sample but because of
the different theoretical modelling
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Brief historical overview

® Gunn & Peterson {1865): a unifom |GM at redshift 2 is very highly onized, to
o | HI i PROBES OF THE
‘ISOLATED’ CLOUDS T ey O RHEE: JEANS SCALE

— ® Bahcall & Salpeter {1965): i it is not uniformly distributed then absorption

lines [gas in clusters of galaxies 7];

® Lynds 11971): a forest of lines, the Lya forest, not related to clusters, but
intergalactic clouds along the line of sight;

=+ The deawas of 8 "two-phase” medium: douds confined by the intercloud
medium [IGM), with pressure confinement {Sargent et al. 1850 or
dark-matter mini hakes {Rees 1986);

= Otheridea unified, but not uniferm intergalactic medium. Originally from
Elack {1981} and Cert {1981}, who suggested that Lyo forest was a relic of
primordial fluctuations with A ~ 1 Mpc;

McGill (128173, Bi {1992) considered an evolution of the IGM in cold dark.
matter models and found that 8 *median-fluctuated” medium, instead of
discrete clouds, reproduced mest of the observations;

NETWORK OF FILAMENTS  # N-body + Hydro simulations {Cen et al. 1984}, semi analytical models (Bi et COSMOLOGICAL
al., 1983). PROBES

The flux bispectrum

Fourier transform of the 3-points correlation function
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Feedback in the form of galactic winds does not affect the forest

MV, Matarrese, Heavens, Haehnelt, Kim, Springel, Hernquist, 2004, MNRAS, 347, 26L
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Dark enerqy effects on the Lyman-a forest
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MV, Matarrese, Theuns, Munshi, Wang, 2003, MNRAS, 340, L47

Feedback effects: Galactic winds
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Feedback effects: Galactic winds-|

Desacques et'3l. 2004 F
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Dark enerqy effects on the Lyman-a forest-I|
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Feedback effects: Galactic winds-11|
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Lyman-a: Pros & Cons

‘Simple’ physics in which baryons trace the underlying dark matter density field

It probes arange of scales and redshifts not probed by other observations
such asgalaxiesor CMB (0<z <6.3, 0.1<k<1h/Mpc)

Many QSOs spectra available (SDSS, Keck, UVES)

Continuum fluctuations from distant QSOs or ‘real’ fluctuations of the matter distribution?
(see Hui et al. 2001)
' Modelling of the IGM still needs high resolution hydro-dynamical simulations
(discrepancy between different simulations)

Understanding of the systematic errors has recently led to controversial results
('mean flux level, metal lines, strong absorption systems)

Dr. Matteo Viel, oA, Cambridge (KITP Galaxy-IGM Program 11/23/04)
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