
An old galaxy in a young Universe 
Robert C. Kennicutt Jr 

A mature galaxy has been discovered in an early phase of the Universe apparently too young to contain it. Is this 
the end of the theorists' favourite cosmology, the Einstein-de Sitter model? 

DEEP images from the Hubble Space Tele
scope and other instruments have provided 
unprecedented glimpses of the Universe at 
high redshifts, when it was a small fraction 
of its present age. Not surprisingly, most of 
the distant galaxies revealed in these spec
tacular images bear the signatures of youth, 
with blue colours dominated by the light 
of young stars, a striking variety of shapes, 
and pervasive evidence of interactions and 
mergers1• But these same surveys reveal a 
handful of red, apparently old galaxies, 
which tell a different but equally com
pelling story. On page 581 of this issue2, 

Dunlop et al. report the discovery of the 
most perplexing case to date, a galaxy at a 

redshift of 1.5 with an apparent age of at 
least 3.5 billion years. 

The problem, if conventional cosmo
logical models are correct, is that galaxies 
that old and that far away simply should 
not be there. The observation tightens the 
thumbscrews on the Einstein-de Sitter 
cosmological model (see box), and offers 
evidence that at least some galaxies formed 
at very early epochs, within a billion years 
after the Big Bang. 

The galaxy discovered by Dunlop and 
colleagues, 53W091, was first identified in 
a deep survey of faint radio galaxies -
radio selection has proved effective in 
identifying distant galaxies with a range of 

evolutionary properties3•4• Imaging of 
53W091 in the visible and infrared re
vealed extremely red colours, redder than a 
young galaxy at any plausible redshift and 
consistent with an evolved galaxy observed 
at high redshift. A more precise redshift, 
z = 1.552, came from a 5.5-hour spectrum 
taken with the ten-metre Keck telescope. 
The successful measurement of the spec
trum and redshift of this object is note
worthy in itself: at 26th magnitude, this is 
one of the faintest galaxies ever observed 
spectroscopically, and probably the faintest 
to have its redshift determined using stellar 
absorption lines. 

It is far from being the most distant 

A meeting of Hubble constants 
ONE of the original goals of the Hubble 
Space Telescope (HST) was to determine 
precisely the expansion rat e of t he Uni
verse, the Hubble constant (H0) . After de
lays, optics problems and a succession of 
conflict ing H0 measurements, many have 
wondered whether the controversy 
will be settled within the lifet ime 
of HST. Now comes news, pre
sented at a conference last 
month*, that the measurements 
of H0 may be converging at last. 

Measuring H0 is difficult be
cause it requires an accurate dis
tance scale out to at least 100 
megaparsecs (300 million light 
years), far enough to reliably trace 
the cosmological expansion. 
There are several secondary stan
dard-candle distance indicators, 
which must be calibrated against 
a primary scale provided by 
Cepheid variable stars in nearby galax ies. 
But the resulting scales have disagreed 
by up to a factor of two, mainly due to a 
deart h of precise Cepheid dist ances. HST 
is gradually solving t his problem by provid
ing such distances for about 25 galaxies. 

Distances are now available for about 
half of that sample. The H0 Key Project 
presented several new distances, includ
ing t hat of NGC1365 in t he Fornax cluster 
( see photograph). Applying these dis
tances to several secondary methods 
gave an H0 of 68 to 77 km s- 1 Mpc - 1 (J, 
Mould, Mt Stromlo Obs. and W. Freed
man, Carnegie Obs.). A competing group, 

*Space Telescope Symposium on The Ex tragalactic Dis
tance Scale, Balt imore, Maryland, USA, 7-10 May 1996. 
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headed by Allan Sandage, based most of 
their results on a single secondary 
method, t he apparent brightness of type 
la supernovae, and find H0 = 55 to 61 km 
s- 1 Mpc - 1 (G. Tammann, Basel Univ. and 
A. Saha, STScl) . These are higher t han 

the 43 t o 53 km s- 1 Mpc - 1 values re
ported previously, whereas the latest Key 
Project results are about 10% lower than 
their preliminary estimate. The conver
gence mainly reflects t he rapidly improv
ing Cepheid distances from HST. 

Refinements to other secondary meth
ods were reported, including surface
brightness fluctuation (J. Tonry, MIT), 
planetary nebula luminosity function (G. 
Jacoby, Kitt Peak), the Tully- Fisher relat ion 
(R. Giovanelli, Cornell Univ.) and other 
supernova methods (R . Kirshner, Harvard 
Univ.) , all yielding H0 between 65 and 82 
km s- 1 Mpc - 1 . Most agree well with the 
primary Cepheid distances for nearby ob
jects, indicating t hat systematic errors -
long the problem in this field - are being 

eliminated. These values are still 20 t o 
30% higher t han t he 'long' scale favoured 
by Sandage and colleagues, but that is far 
from the factor-of-two disagreement that 
ex isted only 3 years ago. 

As the uncertainty in H0 decreases, at 
tent ion turns to its impl ications 

o, for the cosmological age problem. 
! For a Friedmann cosmological 
~ model, in which gravity is deter
~ mined by matter alone, H0 = 70 
.g km s- 1 Mpc - 1 implies a cosmic 
f age of 9 to 14 Gyr, depending 
s: on t he density of the Universe. 

For the spec ial-case Friedmann 
model where the density is j ust 
enough to close t he Universe -
the flat Einst ein-de Sitter model 
favoured by inflat ionary cosmol
ogy - t he expansion age is 9 Gyr. 
This is flatly inconsistent wit h 
the ages of Galactic globular 

clusters, estimated t o be about 13-17 
Gyr (P. Demarque, Yale Univ.). 

How do we solve t his conundrum? 
If the stellar ages are correct, the 
Einstein-de Sitter model requires a global 
H0 < 40 km s- 1 Mpc - 1, which now seems 
unlikely (M. Postman, STScl) . The age 
problem can be avoided, barely, if t he 
density of the Universe is much lower -
less t han 20% of the c losure density - or 
if most of it is in t he form of vacuum en
ergy, the 'cosmological constant ' first pro
posed and later abandoned by Einst ein. 
Current observations cannot discriminate 
between t hese alt ernatives ( M. Turner, 
Univ. Chicago), but there is now hope that 
HST may finally fulfi l the mission for which 
it was designed 20 years ago. R. C. K. 
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