
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 “dis-
covery 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 (Obser-
vatories of the Carnegie Institution of Washington). The team used the Gemini Multi-Object Spectrograph (GMOS) 
not very long after this powerful optical spectrograph/imager first began collecting light at Gemini North. The GDDS 
program required over 120 total hours of telescope time in the GMOS multi-object spectroscopy mode, allowing the 
team to obtain nearly 100 spectra simultaneously in single pointings (see Figure 2, page 42). “This is a lot of valuable 
time on the sky, but when you consider that it has allowed us to help fill in a crucial 20-percent gap in our understand-
ing of the universe, it was time well spent,” adds Glazebrook (who did this work while at Johns Hopkins University). 

However, to execute this program it was necessary to go beyond raw aperture and develop a technological and 
observational advantage that would allow galaxy spectra to be obtained in the so-called “redshift desert.” This desert 
isn’t necessarily one of absence, it’s simply a consequence of not being able to easily detect key spectral signatures of 
galaxies between redshift  z = 1.4 - 2.5 due to interference by natural atmospheric telluric luminescence (skyglow). To 
overcome this problem, a technique, still only available on Gemini for an 8- to 10-meter-class telescope, was integrated 
into the Gemini telescopes. Called Nod & Shuffle (N & S), this method uses a CCD control technique called ‘charge 
shuffling’ to record near-simultaneous images of galaxies and nearby sky and allow accurate subtraction of atmospheric 
emission. This reduces noise that would otherwise prevent the detection of faint spectral features in distant astronomi-
cal objects. (see a description of the N & S technique on page 58). Glazebrook helped develop the use of N & S with 
Joss Hawthorn (Anglo-Australian Observatory, AAO) for faint galaxy observations while at the AAO.

By providing a powerful platform for the GDDS to succeed, GMOS spectroscopic observations of over 300 galax-
ies (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 1: (facing page), Postage-stamp 

sized images (from GDDS Paper VIII) 

showing the morphologies of the 54 galax-

ies in the GDDS sample with 

log(stellar mass) > 10.5. These galaxies are 

sorted in order of decreasing redshift. 

Early-type galaxies are circled. Each 

image is 5 × 5 arcseconds in size, with 

galaxy ID number, spectroscopic classifica-

tion, redshift confidence class, rest-frame 

(U-B) color, redshift, and stellar mass. 

Objects without high-confidence spectro-

scopic redshifts have their redshifts labeled 

in parentheses. The border of each galaxy 

image indicates the spectroscopic classifica-

tion. Red borders indicate evolved spectra. 

The gray regions surrounding groups 

indicate which of three broad redshift bins 

the objects fall within.
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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 class-
room 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 galax-
ies 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.

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.
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The GDDS data have already been used for an additional five papers that combine these Gemini data with other data-
sets (e.g. the Hubble Space Telescope and the Spitzer Space Telescope) to broaden the legacy of the Gemini observations.

After helping to establish a foundation in our understanding of the early evolution of galaxies, this topic will undoubt-
edly continue to flourish at Gemini. As new technologies such as Multi-Conjugate Adaptive Optics (see MCAO and 
the Study of Galaxies at z>1 by Inger Jørgensen, GeminiFocus, December 2007, pg. 27-31) complement optical and 
infrared multi-object and integral-field spectroscopy, Gemini will probe morphologies and expand sample sizes. A 
clearer picture of the early universe will emerge from the solid foundation that programs like the GDDS have already 
provided.
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Figure 3: (left), Montage of 100 kilosec-

ond 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 for-

mation, together with narrow interstellar 

medium (ISM) absorption 

lines (MgII, FeII).

Figure 4: (above right), Lower black 

curve: Composite GDDS spectrum of 

13 galaxies with strong ISM absorption 

lines. The redshift range covered by 

the spectra is 1.260<z<1.895 (with a 

mean of z=1.53). This sample represents 

about 29 percent of the total number of 

galaxies detected by the first two masks 

of the GDDS in the redshift interval 

1.13<z<2.00. Detected absorption 

features are marked by the dotted lines. 

As a reference, the composite spectrum of 

14 local starburst-dwarf galaxies observed 

with HST/FOS is shown as the upper 

gray curve. This spectrum has been magni-

fied for comparison.
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