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Abstract. We have obtained near-IR, optical, and soft X-ray spectro
photometry for a number of bright quasars with 2 £ z £ 4. The observed 
ratios of Lya/H/? in this sample are smaller than Case B, and span a 
similar range to those seen at lower redshift. A correlation between the 
line width of H/J and X-ray spectral index found for low-redshift PG 
quasars is also seen for the high-redshift objects. 

1. Introduction 

Recent advances in near-IR spectroscopic capabilities have made possible obser
vations of the rest-frame optical and UV radiation from high-redshift quasars 
with unprecedented spectral resolution and signal-to-noise ratio. We have ob
served a number of z « 2 and z « 3 quasars in the near-IR with FSPEC and 
GESPEC at the MMT, OSIRIS at the CTIO 4m, and CRSP at the KPNO 4m. 
Optical spectrophotometry was obtained nearly simultaneously with the 2.3-m 
Bok Telescope, FLWO 1.5-m and CTIO 1.5-m telescopes. Details are presented 
by Bechtold et al. 1994a, Kuhn et al. 1995, and Kuhn (1996), and in other work 
in preparation. One of the goals of this study is to examine empirical correlations 
between line and continuum properties which have been observed for objects at 
low redshift and see if they also hold for more luminous, high-redshift objects. 
Here we present two such correlations. 
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Figure 1. Lya/H/3 versus ratio of continuum flux at adjacent points. 
Open circles are intermediate-redshift, radio-loud quasars from Netzer 
et al. (1995) and closed circles are high redshift quasars. Dashed line in
dicates reddening vector, for a Galactic reddening law, and dust located 
external to both the line-emitting and continuum-emitting regions. 

2. L y a / H / 3 

Baldwin (1977) first showed that the ratio of Lya/H/3 in the broad emission 
lines of quasars is lower than predictions of Case B recombination theory by as 
much as a factor of 10. This has been interpreted either as a result of reddening, 
or trapping of Lya photons and collisional excitation in regions of high optical 
depth, which enhances the Balmer lines relative to Lya (e.g., Davidson & Netzer 
1979). Netzer et al. (1995) and Wills et al. (1995) present measurements of the 
ratio of Lya/H/3 for their sample of intermediate-redshift, radio-loud quasars ob
served with FOS on HST. In Fig. 1, we show this ratio versus F(1215) /F(4861) , 
the ratio of the continuum fluxes adjacent to the emission lines (cf. Netzer et 
al.'s Fig. 6). 

The high-redshift quasars of our sample appear to have Lya/H/3 ratios sim
ilar to those of the HST sample, and lie along the same correlation with contin
uum flux ratio. Figure 1 can be explained if all objects have near-Case B Lya/H/3 
ratios of ~20 and a modest amount of foreground dust (E(B — V) £, 0.3), which 
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Figure 2. Line width of R/3 versus X-ray spectral index. Open circles 
are PG quasars from Laor et al. (1994, 1996) and filled circles are 
high-redshift quasars. Dotted lines connect the range of allowed X-ray 
spectral indices for objects for which only PSPC colors are available 
(see Bechtold et al. 1994b). 

reddens both the continuum and emission lines by the same amount. Qualita
tively one expects Lya/H/? to be lower in luminous quasars which have larger 
UV/X-ray continuum flux ratios, compared to fainter objects which have harder 
continua. Here, the radio-loudness of low-redshift sample may counteract this 
effect, since the high-redshift quasars are a mix of radio-loud and radio-quiet 
objects. 

3. H/3 Line Width versus ax 

Laor et al. (1994, 1996) found a correlation between H/3 line width and soft X-
ray spectral index for the low-redshift PG quasars observed with ROSAT. While 
the origin of this correlation is not clear (see the discussion in Laor et al. 1996 
and references therein), it is of interest to see whether it holds as well for the 
much more luminous high-redshift objects. Figure 2 shows the result for the PG 
quasars from Laor et al. (1996) and the high-redshift quasars which have X-ray 
spectral indices or colors measured by ASCA or the ROSAT PSPC (Bechtold 
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et al. 1994a,b, Elvis et al. 1994, Serlemitsos et al. 1994, Bechtold et al. 1996). 
Note that the spectral indices (here defined as / # oc Eax) for the high-redshift 
quasars correspond to harder rest-frame X-ray energies than for the low-redshift 
PG quasars observed with ROSAT. The high-redshift objects lie along the same 
relation, indicating that the origin must be relatively independent of luminosity. 
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