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Figure 8. The likelihood results for the power spectrum from the hydrodynamical simulations wjth g andX; as free parameters. The upper three bgure
show the 1, 2 and 3likelihood contours for each pair of the parameters after marginalizing over the third. The lower three panels show the likelihood function
for each of the three parameters (after marginalizing over the other two). The likelihood is normalized to have a maximum value of unity. The yasue of
poorly constrained, but the values of andX; are well constrained and agree with the simulations parameters.
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Figure 9. The likelihood results for the observed spectra for the redshift bm=aR.48 with 1, g andX; as free parameters. The assumed value isf
1.56. The upper three bgures show the 1, 2 andikelihood contours for each pair of the parameters after marginalizing over the third. The valyeisf
poorly constrained, but the values of and andX; are well constrained.
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Figure 15. Left-hand panel: the linear 3D matter power spectrum=at0 inferred from observed data at four different redshifts. The power spectra have been
mapped t@ = 0 assuming a Rat Universe with, = 0.3and = 0.7. The power spectra have been corrected for redshift distortions, Jeans smoothing and
for non-linear effects as described in the text. Notice that the inversion becomes unstable at scales smaller than the Jeans scale relevhifit &b tizadeds

The right-hand panel shows the mean and error after combining the results from the four redshifts (solid curve). For comparison we show thedinear matt
power spectrum inferred by Viel et al. (2004b) from the LUQAS sample (dashed curve) and from the Croft et al. (2002) sample (dotted curve), ak reanalyse
by Viel et al. (2004b).

Table 2. The 3D power spectrum as estimated from the direct inversion to previous estimates from Lyforest data utilizing the Rux power
method. The Prst column shows the wavenumbéeFhe second column spectrum.

shows the 3D power spectrum and the third and fourth columns show the  Oyr main results can be summarized as follows.

lower and upper error bars around the mean.

(i) By enforcing the cosmological parameters to be the same in

k P3P S p3P + p3b all four redshift bins of our likelihood analysis, we found evidence
(hMpc>1) (h=3Mpc?) (hS3 Mpcd) (hS3 Mpcd) for evolution of the temperatureDdensity relation and the thermal
0.200000 3023.49 100555 1716.95 smoothing length qf the g_as._Thg inferred evolution is consistent
0.248 189 1325.90 577.095 760.660 Wlth that expepted if the relqnlzathn of Heoccurred _a'z 3.2.

0.307 990 877.984 372.994 495.885 (i) Assumingthatthe Universe is Bat and assuming a Pxed value
0.382 199 586.556 210.709 206.521 forns= 1, we Pnd that the Buctuation amplitude of the matter power
0.474288 410.985 129.560 187.204  spectrum, g= 0.92( ./0.3)°°3where the value of changes as a
0.588566 263.541 84.0443 114.476 function of redshift. The 1 error on g at bxed ., and is about
0.730379 163.626 54.6102 68.7632 510 per cent. The thermal smoothing lengilis also found to be
0.906 361 116.986 41.3544 48.0453 tightly constrained (to within 10 per cent).

112475 70.5957 24.1203 27.1044 (iif) Ajointanalysis ofthe Ly forestand th&VMAPCMB data
1.39575 52.7193 16.9332 18.2188 together with a prior on the Hubble constant, yields tight constraints
1.73205 35.7962 9.52174 10.8408 on the RBuctuation amplitude and the matter density= 0.92+
2.14938 24.4715 3.33336 5.437 95 0.04 ~ 0.30+ 005 !

2.667 27 15.7595 2.04052 3.73897 vom T e

3.30994 10.1860 1.78284 3.32257 (IV) The inferred linear 3D matter power spectrum agrees well
4.107 46 6.364 26 5.198 02 8.696 73 with that obtained by Viel et al. (2004b) with a very different analysis

technique.

The good agreement of our results for the amplitude and shape
of the matter power spectrum with those of previous studies of Ly

We have then compared the inferred non-linear 1D power spec- forest data are very reassuring, as the systematic uncertainties differ
trum of the gas density to an analytical model of the gas power signibcantly for the different methods employed by these studies.
spectrum using a likelihood analysis. We have thereby used state-The independent constraints on the thermal state of the gas suggest
of-the art hydrodynamical simulations to model the redshift distor- that the inferred peak in the photoheating rate of helium at3
tions and the bias between gas and dark matter distribution and tohas affected the ux distribution of the Lyorest in a measurable
test our method. The Lyforest data cannot constrain all relevant Way.
parameters simultaneously. We have therefore restricted our likeli-
hood analysis to Rat cosmological models. We only vary a subset
of parameters at any given time setting the remainder to plausible
values. We have also performed constraints from a joint analysis The simulations were run on the COSMOS (SGI Altix 3700) su-
of our results from the Ly forest data and other data (2dF, CMB, percomputer at the Department of Applied Mathematics and Theo-
HST). Finally, we have obtained a direct estimate of the 3D matter retical Physics in Cambridge and on the Sun Linux cluster at the
power spectrum from the 1D gas power spectrum and compare itInstitute of Astronomy in Cambridge. COSMOS is a UK-CCC
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