Bringing Early
Galactic Evolution
into Focus
Galaxies are fundamental building blocks of the universe. Understanding them and how they evolve is at the core of
any complete and coherent cosmological picture. Galactic evolution established an important place in Gemini’s “discovery space” very early in the observatory’s history and has remained there ever since.
All things being equal, a larger telescope aperture enables the study of galactic evolution by collecting more photons
from distant galaxies at higher redshifts—therefore enabling ultra-deep spectroscopy at greater look-back times. The
use of a telescope as a time machine is nowhere more important than in the understanding of how galaxies form and
evolve from the early universe into what we see around us today.
Exemplifying this emphasis on the study of early galactic development, the Gemini Deep Deep Survey (GDDS) began
observations in 2002 conducted by a large international team led by Roberto Abraham of the University of Toronto,
Karl Glazebrook (Johns Hopkins University now at Swinburne University, Australia), and Patrick McCarthy (Observatories of the Carnegie Institution of Washington). The team used the Gemini Multi-Object Spectrograph (GMOS)
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By providing a powerful platform for the GDDS to succeed, GMOS spectroscopic observations of over 300 galaxies (see examples in Figures 1 & 3) revealed that galaxies at this epoch (when the universe was only 3-6 billion years
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Figure 2: (right), The GDDS-SA 12 field
is shown as an example of the multi-object
spectroscopy used for the GDDS. The
field size is 5.5 x 5.5 arcminutes2 and the
small rectangles correspond to the positions
of the distant galaxies selected for GMOS
spectroscopy. The background image is a
180-minute I-band exposure taken with
the CTIO 4-meter telescope.

old) do not behave as many theorists expected. The early papers from this work (there are currently 11 in a series of
papers based mostly on GDDS, or related, observations) revealed that many more than expected massive galaxies were
essentially fully formed by the epoch surveyed in the GDDS. Popular hierarchical models predicting that these galaxies
would still be accreting from smaller building blocks were dealt a severe blow. “It’s as if a teacher walked into a classroom expecting to greet a room full of unruly teenagers and found well-groomed young adults instead,” said Abraham
in a major press conference at the 203rd meeting of the American Astronomical Society in Atlanta, Georgia, in January
2004.
Additionally, in a sub-sample of 13 GDDS galaxies with high star-formation activity, it was found that massive galaxies had stronger than expected interstellar medium absorption (due to singly ionized iron, magnesium, manganese,
and neutral magnesium, see Figure 4) compared to low mass galaxies seen in absorption against background quasars.
The implication is that past generations of short-lived massive stars had already flooded the interstellar medium and
increased interstellar metallicity within these galaxies in the very early stages after the Big Bang.
A profound ramification of the GDDS work (which has since been reinforced by other studies, ie. di Serego Alighieri
et al. and Jørgensen et al.) is that there is precious little time for the formation of the most massive galactic specimens
seen in these GDDS data and the well-established beginning of the universe about 13.7 billion years ago. It has been
suggested that massive black holes were much more ubiquitous than previously thought in the young universe and
acted as efficient seeds for the rapid formation of the first galaxies. Resolving this inconsistency is why the GDDS
papers are among the most highly cited of any Gemini research and already part of the legacy that Gemini is leaving to
future generations in the study of our universe.
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Figure 3: (left), Montage of 100 kilosecond Gemini GMOS nod-and-shuffled
spectra from the GDDS. Ground-based
I-band images (in ~0.8 arcsecond seeing)
are shown at right. Objects shown span
a redshift range of 0.994<z<1.671 and
a magnitude range of 21.7<I<24.3. A
post-starburst system with prominent
Balmer-absorption features is shown at
top followed by two quiescent early-type
systems (with early-type spectral templates
superimposed). About 40 percent of the
red population shows similar spectra. The
bottom two spectra show blue ultraviolet
continua, consistent with recent star formation, together with narrow interstellar
medium (ISM) absorption
lines (MgII, FeII).

The GDDS data have already been used for an additional five papers that combine these Gemini data with other dataFigure 4: (above right), Lower black

sets (e.g. the Hubble Space Telescope and the Spitzer Space Telescope) to broaden the legacy of the Gemini observations.
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