Chapter 10

Conclusions

The study of the Ly α forest in the spectrum of the z_{em} = 3.054 quasar HE 0940–1050 has shown a number of interesting results. After the long reduction process needed to obtain a normalized spectrum for the echelle data, Voigt-profile fits yielded the redshift, column density and Doppler parameter for all of the Ly α lines lines between Ly α and Ly β emission above a 5 σ detection limit of NHi ≈ 10^{12.5} cm�^2. During this process, six heavy-element systems were identified and the metal lines excluded from further consideration. The effects of limited S/N were taken into account, and the column-density distribution was examined in order to determine a completeness limit of NHi = 10^{13.3} cm�^2 for the final sample that was used to study the proximity effect.

Despite the poor statistics offered by a single quasar spectrum, the redshift distribution of the data shows that the Ly α forest models of Fardal, Giroux and Shull (1998) provide a good description for the full sample except in the very lowest and highest bins. The counts in the latter bin closest to the quasar can thus be explained in terms of the proximity effect, but the former appears to be a statistical overdensity of lines. Neither of these effects disappear when the bin boundaries of locations are chosen differently.

Comparison of the data to Monte Carlo simulations of the Ly α forest in the presence of a quasar seem to confirm the assertion by Bechtold and Dobrzycki (1991b) that the ionizing quasar radiation should appear to affect the weaker lines more drastically than the stronger ones. The drop in the number density is indeed greater for the lines with log NHi ≤ 13.33 than for the lines in the sample as a whole, while the stronger lines with log NHi ≥ 14.0 show no appreciable proximity effect at all. In fact, the fit of the Ly α forest models is also poor for these column densities, and this may be an indication that the statistics are simply too low here to draw any useful conclusions.

Model I of the intensity of the metagalactic UV background presented by Bajtlik, Duncan and Ostriker (1988) yielded acceptable χ^2 fits to the data, as did the simple assumption that the Lyman-limit flux J_ν is constant with redshift; so in order to obtain a better order-of-magnitude estimate of the UVB by means of the proximity effect, J_ν was varied to find the values that were most compatible with both the full sample and the subsample of weaker lines in the spectrum of HE 0940–1050. This simple test yielded log J_ν = −21.0 ± 0.7 and log J_ν = −21.3 ± 0.7 for the two samples, respectively. If—as may well be the case–the emission redshift of HE 0940–

102 CHAPTER 10. CONCLUSIONS

1050 has been underestimated by 1000–2000 km s�^1, then the results for the Lymanlimit background intensity should be reduced by a factor of about 3 to 5.

Finally, a possible void of 3.2h�^1 Mpc (for Ω_o = 1) or 4.9h�^1 Mpc (for Ω_o = 0.2) was identified at z ≈ 2.580 in the spectrum. Its statistical significance was evaluated by means of Monte Carlo methods. If the column-density cut-off is taken to be equal to the detection limit within the void, the estimated probability of obtaining such a ∼ 30 Å redshift interval containing only three lines lies at (2.0 ± 0.3) × 10�^3. If only stronger lines are considered, then the probability of finding a gap of comparable size between two absorption lines rises to 5 or 6%. However, it is not clear whether such a high cut-off is warranted in this case, since line blanketing is not a factor within the void. Therefore it is still worthwhile to undertake a search for the possible foreground quasar, which would offer further evidence that the photoionization model is indeed the correct explanation for the proximity effect. A simple calculation shows that such a quasar would probably be found within a few minutes of arc from the line of sight to quasar HE 0940–1050.

References

[1] Bajtlick, S., Duncan, R. C., Ostriker, J. P. 1988. Quasar ionization of Lymanalpha clouds: The proximity effect, a probe of the ultraviolet background at high redshift. Ap. J. 327, 570.

[2] Barcons, X., and Fabian, A. C. 1987. Cosmological implications of the anomalies in the redshift distribution of QSO Lyman α absorption systems. Mon. Not. R. Astr. Soc. 229, 157.

[3] Bechtold, J. 1993. The first QSOs and their influence on the intergalactic medium. In The Environment and Evolution of Galaxies, eds. J. M. Shull and H. A. Thronson, Jr. (Dordrecht: Kluwer Academic Publishers), 559.

[4] Bechtold, J. 1994. The Lyman-alpha forest near 34 quasi-stellar objects with z > 2.6. Ap. J. S. 91, 1.

[5] Bechtold, J. 1995. The Proximity Effect. In QSO Absorption Lines, Proc.

ESO Workshop held November 21–24, 1994, ed. G. Meylan (Berlin: Springer- Verlag), 299.

[6] Bevington, P. R., and Robinson, D. K. 1992. Data Reduction and Error Analysis for the Physical Sciences. 2nd ed. New York: McGraw-Hill, Inc.

[7] Carswell, R. F., Whelan, J. A. J., Smith, M. G., Boksenberg, A., and Tytler, D. 1982. Observations of the spectra Q0122–380 and Q1101–264. Mon. Not. R. Astr. Soc. 198, 110.

[8] Caulet, A. The evolution of low-ionization QSO absorption systems.

Ap. J. 340, 90.

[9] Chernomordik, V. V., and Ozernoy, L. M. 1993. The quasar proximity effect in an equivalent-width-limited sample of the Lyman-alpha forest. Ap. J. 404, L5.

[10] Cowie, L. L., Songaila, A., Kim, T.-S., and Hu, E. M. 1995. The metallicity and internal structure of the Lyman-alpha forest clouds. Astron. J. 109, 1522.

[11] Crotts, A. P. S. 1989. Spatial structure in the Lyman-alpha forest.

Ap. J. 336, 550.

[12] Dobrzycki, A., and Bechtold, J. 1991a. A ∼ 10 Mpc void in the Lyα forest at z = 3.17. Ap. J. 377, L69.

[13] Dobrzycki, A., and Bechtold, J. 1991b. The influence of quasars on the Lyman-α forest. In The Space Distribution of Quasars, ASP Conference Series, vol. 21, ed. D. Crampton, 272.

[14] Dobrzycki, A., and Bechtold, J. 1996. Simulation analysis of Lyα forest spectra.

I. Empirical description at z ≈ 3. Ap. J. 457, 102.

[15] D’Odorico, S., Ghigo, M., Ponz, D. 1987. An Atlas of the Thorium-Argon Spectrum for the ESO Echelle Spectrograph in the λλ 3400–9000 Å Region. ESO Scientific Report No. 6, March 1987. Garching bei München: European Southern Observatory.

[16] Duncan, R. C., Ostriker, J. P., and Bajtlik, S. 1989. Voids in the Lyα forest.

Ap. J. 345, 39.

[17] Espey, B. R., Carswell, R. F., Bailey, J. A., Smith, M. G., and Ward, M. J.

1989. Hα emission lines in high-redshift quasars. Ap. J. 342, 666.

[18] Espey, B. R. 1993. The influence of QSO emission-line velocity shifts on estimates of the intergalactic background intensity. Ap. J. 411, L59.

[19] European Southern Observatory. 1995. ESO-MIDAS User Guide.

Volume A: System. Reference number mid-man-eso-11000-0002.

[20] European Southern Observatory. 1995. ESO-MIDAS User Guide.

Volume B: Data Reduction. Reference number mid-man-eso-11000-0003.

[21] Evans, A., and Hart, D. 1977. Astron. Astrophys. 58, 241.

[22] Fang, Y., Fan, X., Tytler, D., and Crotts, A. P. S. 1998. Remeasurement of the H i Gunn-Peterson Effect toward QSO PKS 1937–101 with Keck observations. Ap. J. 497, 67.

[23] Fardal, M. A., Giroux, M. L., and Shull, J.M. 1998. The high-redshift He II Gunn-Peterson effect: Implications and future prospects. Astron. J. 115 (6), 2206.

[24] Fernández-Soto, A., Barcons, X., Carballo, R., and Webb, J. K. 1995.

The proximity effect on the Lyman α forest due to a foreground QSO. Mon. Not. R. Astr. Soc. 277, 235.

[25] Fontana, A., and Ballester, P. 1995. FITLYMAN: A Midas Tool for the Analysis of Absorption Spectra. ESO Messenger 80, 37.

[26] Gardner, J. P., Katz, N., Hernquist, L., and Weinberg, D. H. 1997. The population of damped Lyman-alpha and Lyman limit systems in the cold dark matter model. Ap. J. 484, 31.

[27] Gaskell, C. M. 1982. A redshift difference between high and low ionization emission-line regions in QSOs—Evidence for radial motions. Ap. J. 263, 79.

[28] Giallongo, E., Cristiani, S., D’Odorico, S., Fontana, A., and Savaglio, S. 1996.

The proximity effect, the UV background and the statistics of the Lyman-alpha lines at high resolution. Ap. J. 466, 46.

[29] Giallongo, E., Cristiani, S., D’Odorico, S., Fontana, A., and Savaglio, S. 1997.

The UV background and the Ly α clouds at high redshift. In Structure and Evolution of the Intergalactic Medium from QSO Absorption Lines, Proc. 13th IAP Astrophysics Colloquium. Paris: Editions Frontières.

[30] Haardt, F., and Madau, P. 1996. Radiative transfer in a clumpy universe. II.

The ultraviolet extragalactic background. Ap. J. 461, 20.

[31] Hu, E. M., Kim, T.-S., Cowie, L. L., Songaila, A., and Rauch, M. 1995. The distribution of column densities and b values in the Lyman-alpha forest. Ap. J. 110, 1526.

[32] James, F. 1991. Minuit – Function minimization and error analysis. Program Library Long Writeup D506. Geneva: CERN.

[33] Kayser, R., Helbig, P., and Schramm, T. 1997. A general and practical method for calculating cosmological distances. Astron. Astrophys. 318 (3), 680.

[34] Kim, T.-S., Hu, E. M., Cowie, L. L., and Songaila, A. 1997. The redshift evolution of the Lyα forest. Astron. J. 114 (1), 1.

[35] Kirkman, D., and Tytler, D. 1997. Intrinsic properties of the ⟨z⟩ = 2.7 Lyman alpha forest from Keck spectra of QSO HS 1946+7658. Ap. J. 484, 672

[36] Kitchin, C. R. 1991. Astrophysical Techniques. 2nd ed. Bristol: IOP Publishing Ltd.

[37] Kitchin, C. R. 1995. Optical Astronomical Spectroscopy. Bristol: IOP Publishing Ltd.

[38] Kovner, I., and Rees, M. J. 1989. Clearings in Lyα forests. Ap. J. 345, 52.

[39] Lang, K. R. 1980. Astrophysical Formulae. 2nd ed. Berlin: Springer-Verlag.

[40] Lu, L., Wolfe, A. M., and Turnshek, D. A. 1991. The redshift distribution of Lyα clouds and the proximity effect. Ap. J. 367, 19.

[41] Lu, L., Sargent, W. L. W., Womble, D. S., and Takada-Hidai, M. 1996. The Lyα Forest at z ∼ 4: Keck HIRES Observations of Q000–26. Ap. J. 472, 509.

[42] Lynds, R. 1971. The absorption-line spectrum of 4C 05.34. Ap. J. 164, L73.

[43] Lyons, L. 1986. Statistics for Nuclear and Particle Physics. Cambridge: Cambridge University Press.

[44] Madau, P., and Shull, J. M. 1996. Cosmic metal production and the contribution of QSO absorption systems to the ionizing background. Ap. J. 457, 551.

[45] Mar, D. 1994. Xvoigt User’s Guide. Version 3.0. School of Physics, University of Sydney.

[46] McLean, I. S. 1997. Electronic Imaging in Astronomy: Detectors and Instrumentation. Chichester: John Wiley & Sons.

[47] Murdoch, H. S., Hunstead, R. W., Pettini, M., and Blades, J. C. 1986. Absorption spectrum of the z = 3.78 QSO 2000–330. II. The redshift and equivalent width distributions of primordial hydrogen clouds. Ap. J. 309, 19.

[48] Ostriker, J. P., Bajtlik, S., Duncan, R. C. 1988. Clustering and voids in the Ly α forest. Ap. J. 327, L35.

[49] Pasquini, P. 1993. CASPEC Update to the Operating Manual, September 1993.

European Southern Observatory.

[50] Peebles, P. J. E. 1993. Principles of Physical Cosmology. Princeton: Princeton University Press.

[51] Pettini, M., Hunstead, R. W., Smith, L., and Mar, D. P. 1990. The Lyman α forest at 6 km s�^1 resolution. Mon. Not. R. Astr. Soc. 246, 545.

[52] Press, W. P., Teukolsky, S. A., Vetterling, W. T., and Flannery ,B. P. 1992.

Numerical Recipes in C. The Art of Scientific Computing. 2nd ed. Cambridge: Cambridge University Press.

[53] Randich, S. and Pasquini, L. CASPEC Operating Manual, December 1996.

3p6-MAN-0633-0002. European Southern Observatory.

[54] Rauch, M., Carswell, R. F., Chaffee, F. H., Foltz, C. B., Webb, J. K., Weymann, R. J., Bechtold, J., and Green, R. F. 1992. The Lyman forest of 0014+813. Ap. J. 390, 387.

[55] Rauch, M., Carswell, R. F., Webb, J. K., and Weymann, R. J. 1993. A reanalysis of the spectrum of QSO 2206 – 199. Mon. Not. R. Astr. Soc. 260, 589.

[56] Rauch, M. 1998. The Lyman alpha forest in the spectra of QSOs. Preprint astro/ph-9806286. Ann. Rev. Astron. Astrophys. 36 (in press).

[57] Reimers, D., Köhler, T., and Wisotzki, L. 1996. The Hamburg/ESO survey for bright QSOs. II. Follow-up spectroscopy of 160 quasars and Seyferts. Astron. Astrophys. Suppl. Ser. 115, 235.

[58] Reimers, D., and Wisotzki, L. 1997. The Hamburg/ESO survey. ESO Messenger 88, 14.

[59] Smette, A., Robertson, J. G., Shaver, P. A., Reimers, D., Wisotzki, L., and Köhler, T. 1995. The gravitational lens candidate HE 1104–1805 and the size of absorption systems. Astron. Astrophys. Suppl. 113, 199.

[60] Spitzer, L. 1978. Physical Processes in the Interstellar Medium. New York:

Wiley & Sons.

[61] Srianand, R. 1997. Radiation-induced void in the spectrum of Tol 1038–2712.

Ap. J. 478, 511.

[62] Stengler-Larrea, E. A. et al. 1995. The Hubble Space Telescope quasar absorption line key project. V. Redshift evolution of Lyman limit absorption in the spectra of a large sample of quasars. Ap. J. 444, 64.

[63] Tytler, D. 1987. The redshift distribution of QSO Lyman-alpha absorption systems. Ap. J. 321, 69.

[64] Tytler, D., Fan, X.-M., Burles, S., Cottrell, L., Davis, C., Kirkman, D, and Zuo, L. 1995. Ionization and abundances of intergalactic gas. In QSO Absorption Lines, Proc. ESO Workshop held November 21–24, 1994, ed. G. Meylan (Berlin: Springer-Verlag).

[65] Tytler, D. 1997. An overview and introduction to quasar absorption in cosmology. In Structure and Evolution of the Intergalactic Medium from QSO Absorption Lines, Proc. 13th IAP Astrophysics Colloquium. Paris: Editions Frontières.

[66] Unsöld, A., and Baschek, B. 1991. Der neue Kosmos. 5th ed. Berlin: Springer- Verlag.

[67] Verner, D. A., Barthel, P. D., and Tytler, D. 1994. Atomic data for absorption lines from the ground level at wavelengths greater than 228 Å. Astron. Astrophys. Suppl. Ser. 108, 287.

[68] Weedman, D. W. Quasar Astronomy. 1986. Cambridge: Cambridge University Press.

[69] Weymann, R. J., Carswell, R. F., and Smith, M. J. 1981. Absorption lines in the spectra of quasi-stellar objects. Ann. Rev. Astron. Astrophys. 19, 41.

[70] Wisotzki, L. 1994. CCD-Datenreduktion und Bildverarbeitung mit MIDAS.

Astronomisches Praktikum an der Hamburger Sternwarte 1994/95. Laboratory Manual.

[71] Wisotzki, L., Köhler, T., Groote, D., and Reimers, D. 1996. The Hamburg/ESO survey for bright QSOs. I. Survey design and candidate selection procedure. Astron. Astrophys. Suppl. Ser. 115, 227.

108 References Parts of this research made use of the article and abstract services of NASA’s Astrophysics Data System.