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One cloud and its silver lining 
J. D. Lowenthal 

DISTANT, luminous quasistellar objects 
shine through multitudes of otherwise 
invisible intergalactic clouds of hydrogen 
that carve a forest of Lyman-a absorp­
tion lines out of the background sources' 
spectra. Unfortunately, because the 
background sources are typically point­
like, we usually get no information on 
the size or form of the foreground 
clouds: are they flat or round, the size of 
galaxies or of the Solar System, neutral 
or ionized? On page 224 of this issue1

, 

however, Hippelein and Meisenheimer 
present the results of a clever observa­
tion in which they imaged in absorption 
a putative Lyman-a forest cloud in front 
of a distant radio galaxy; because radio 
galaxies are spatially extended, this ex­
periment yields a direct measurement of 
the cloud's physical shape and size, 
which corresponds roughly to the dimen­
sions of large local galaxies. 

The issue bears strongly on various 
pictures of galaxy formation and cosmol­
ogy: because of the finite speed of light, 
we see the Lyman-a clouds as they were 
when the Universe was very young, so 
that knowing their basic physical para­
meters will clarify their relation to nor­
mal galaxies. It will also provide insight 
into such important issues as the strength 
and source of the intergalactic ionizing 
radiation field. 

The size of Lyman-a clouds is crucial 
for understanding their ionization states, 
abundance of elements heavier than 
helium (metals) and gas densities, but 
cannot be obtained by analysis of the 
spectra of the quasistellar objects 
(QSOs). The multiple images of rare, 
gravitationally lensed QSOs offer one 
way forward. Each image corresponds to 
a distinct path followed by the QSO's 
radiation. A small cloud may appear on 
a single image, but a large one may 
intercept several paths so that its size 
may be estimated. The most carefully 
studied2 gravitationally lensed QSO case 
to date, UM673 A and B, yields typical 
cloud sizes in the range 10-200 kilo­
parsecs, depending on the interpretation 
of a few particular absorption lines and 
on cosmological parameters. This agrees 
with earlier similar studies3 and is re­
miniscent of normal galactic dimensions 
today. But a contrasting suggestion, 
based on a possible correlation between 
Doppler spectral line widths and column 
densities, and on the observed narrow­
ness of some absorption lines4

, is that 
the clouds are cold and minuscule (less 
than a parsec) or sheet-like5

•
6

. 

Hippelein and Meisenheimer's ob­
servations make use of two important 
characteristics of the Lyman-a emission 
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line in the spectrum of the luminous, 
high-redshift (z = 3.4, corresponding to 
a lookback time of at least 80 per cent of 
the age of the Universe) radio galaxy 
4C41.17 (ref. 7). First, the radiation 
comes from a spatially extended region, 
subtending some 10 x 13 arcseconds on 
the sky, or about 100 kiloparsecs at the 
radio galaxy's distance from us; and 
second, the emission line is spectrally 
very broad. Together, these facts cause 
the extended emission line region to 
appear as a light screen, a backdrop 
resembling a continuum source, against 
which any intervening neutral hydrogen 
cloud within a reasonable distance of the 
radio galaxy would appear as a dark 
Lyman-a absorption feature; if the in­
tervening cloud were spatially extended, 
so would the absorption feature be. 
This is exactly what Hippelein and 
Meisenheimer report, in agreement with 
a previous, detailed study of the 4C41.17 
system7

. 

Using a Fabry-Perot interferometer (a 
tuneable narrow-band filter) and an 
imaging charge-coupled device (CCD), 
Hippelein and Meisenheimer took im­
ages of the Lyman-a emission line, step­
ping the Fabry-Perot through consecu­
tive wavelengths, mostly blue-shifted 
from the emission line (to see interven­
ing absorption lines). At the wavelength 
corresponding to Lyman-a at a blueshift 
of about 360 km s-1 with respect to the 
emission-line maximum, they detect an 
oblong dark patch visible against the 
bright background. They propose that it 
is due to an intervening hydrogen cloud 
of dimensions 10 x 14 kiloparsecs, which 
could be 5 megaparsecs from the back­
ground source. 

Assuming some nominal Lyman-a 
cloud parameters, Hippelein and 
Meisenheimer derive a column densi!J 
of neutral hydrogen around 1015 em- , 
yielding for their measured cloud size a 
total mass of hydrogen of 3 X 107 solar 
masses. This would imply that the 
Lyman-a forest clouds at high redshift 
are the same size as modern-day galax­
ies, but much less dense, and are 
perhaps held together by their own 
gravityB. They could be elongated or 
possibly sheet-like, and have 104-105 

times as much ionized as neutral hyd­
rogen. This picture is in good agreement 
with the implications of the earlier 
gravitationally lensed QSO studies4

. The 
presence of any absorption lines due to 
metals would show that the cloud is not 
pristine and has been contaminated by a 
generation of star formation. 

However, several caveats remain. In 
particular, the interpretation of the dark 

patch is far from unambiguous. As 
Hippelein and Meisenheimer point out, 
it could be due to complexities in the 
background em1ss10n (indeed, the 
Lyman-a emission cloud surrounding the 
radio galaxy is already known to be quite 
complex kinematically7

). And as the au­
thors recognize, even if the cloud is real, 
it might be strongly influenced by radia­
tion from the powerful radio galaxy. Or 
it might even be directly associated with 
the radio galaxy itself and so not 
typical of Lyman-a forest clouds at all. 
This last possibility is supported by fre­
vious long-slit spectroscopic images of 
the Lyman-a line, which give higher 
resolution than do Hippelein and 
Meisenheimer's narrow-band images. As 
one would expect from the images, a 
dark absorption (or at least a lack-of­
emission) feature is visible a few ang­
stroms blueward of the emission line 
peak. The absorption line appears to 
have a velocity gradient of 120 km s-1

, 

typical of galaxy rotation effects but 
larger than typical Lyman-a cloud velo­
city widths. Chambers et aC refer to this 
feature as a disk, and it is presumably 
the same object or component that 
Hippelein and Meisenheimer imaged. 
The inferred mass, if the velocity shear 
represents a circular orbit driven by 
gravity, is around 3 x 1011 solar masses 
(or a bit less, depending on the inclina­
tion of the disk to the observer); this is 
clearly different from the mass given by 
Hippelein and Meisenheimer. 

There are several other high-redshift, 
luminous radio galaxies with extended 
regions of Lyman-a emission: if these 
typically show dark patches similar to 
that in the spectrum of 4C41.17, the 
natural conclusion would be that the 
absorbing material is linked directly to 
the parent galaxy, either in the form of a 
surrounding ring or shell or as a compan­
ion galaxy or cloud. If so we would 
stand, at least, to learn much about 
distant radio galaxies, which may in turn 
hold clues to normal galaxy formation. 
But if the absorbing cloud turns out to 
be representative of the Lyman-a forest, 
the implications for our understanding of 
the clouds' physical parameters will be 
far-reaching. D 
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