
Studying the ebb and flow of galactic star formation, especially in the early universe, plays to Gemini’s strengths in 
integral-field and deep-infrared spectroscopy. This topic is also chock-full of surprises. Important Gemini results reveal 
extremely efficient stellar “birth control” at an epoch when the universe was only a quarter to a third of its current age 
(2 < z < 3, a look-back time of about 11-12 billion years). This is a period when massive galaxies might seem ripe for 
stellar proliferation, but almost half of them have strongly suppressed star-formation. Looking so far back in time, these 
results provide additional evidence for the frenzied growth and formation of massive galaxies very early in the universe 
which was then somehow quickly truncated (see story on Gemini’s legacy of research on galactic evolution starting on 
page 40 of this issue).

Two of the key programs shedding light on how active star formation in galaxies may be squelched to produce massive, 
apparently mature galaxies seen at z = 2 use very different approaches: one is a survey of distant galaxies to identify suit-
able candidates in detail, with a detailed follow-up on a single target; the other dissects a quasar’s light to help unravel the 
processes occurring deep inside.

The survey, led by Mariska Kriek (Princeton University) et al. (2006), identified 20 (as of 2006, currently there are 26 in 
the sample) relatively massive galaxies (from the Multiwavelength Survey by Yale-Chile (MUSYC)) with redshifts between 
2.0 < z < 2.7. This redshift range was selected so that the Hα emission line (a key tracer of active star formation) would 
fall within the K-band atmospheric window. It was found that nine of the galaxies in this (2006) sample (45 percent) 
displayed no emission lines in their rest-frame spectra (Figure 1). The Gemini Near-Infrared Spectrometer (GNIRS, then 
at Gemini South) provided the spectra which the team used to measure the equivalent width of the Balmer Hα line and 
derive the ratio of current to past star formation. The results from the sample ranged by a factor of 100 in star forma-
tion rates between the least (non-zero) and most active galaxies of the survey. Both the Hα measurements and the stellar 
continuum modeling imply that star formation in these galaxies has been strongly suppressed into quiescence. 

To follow up on this work, Kriek et al. (2009) obtained what is still thought to be the deepest single-slit, near-infrared 
spectrum ever taken of a galaxy with a redshift greater than 2. The target, 1255-0—one of the nine galaxies from the 
earlier 2006 survey that showed only very weak Hα emission—was integrated for about 29 hours using the Gemini Near-
Infrared Spectrograph (GNIRS) on Gemini South (see Figure 2) to reveal the detection of emission line ratios (for [NII/
Hα], [SII/Hα] and [OII/OIII]). These ratios allow estimations of star-formation rates and ionization within the inter-
stellar medium, which in turn shows that we are witnessing less than 1 percent of the galaxy’s past average star formation.  
To account for the number of stars, these results indicate that this galaxy had a “wild past,” especially compared with the 
relative abstinence seen at these galaxy’s current epoch. In addition, absorption lines in the spectrum allowed, for the first 
time, an accurate redshift determination for this galaxy type by stellar absorption lines. 

Star Birth in the Early Universe
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Figure 1: GNIRS infrared spectra 

(purple) and optical to near-infrared pho-

tometry (blue) of the nine “dead” galaxies. 

These galaxies show no (Hα) emission, 

which indicates that their star formation 

rates are extremely low. The upper panels 

show the original GNIRS spectra.

A general dearth of spectroscopic data on galaxies of this type and redshift (age) make it very difficult to piece together an 
evolutionary scenario—one that explains how these galaxies can so quickly go from what must have been a remarkably 
frenzied period of star birth in the early universe to the quiescent phase that we see, even at redshifts of around 2.

Hence, to understand what processes might squelch star formation in massive galaxies in the early universe, David 
Alexander (Durham University UK) led a team that used Gemini’s Near-infrared Integral Field Spectrometer (NIFS) on 
Gemini North (see full-length article on this work in this issue of GeminiFocus starting on page 70).  Alexander’s target 
was an actively star forming galaxy: SMM J1237+6203 at z = 2.07. Unlike much rarer quasars (which are known to have 
galaxy-wide outflows), this galaxy is radio quiet, suggesting it may be the star formation (rather than the super-massive 
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black hole at the galaxy’s center) which is producing the mechanical energy required to eject gas from the galaxy.  The 
observations reveal a galaxy-wide outflow with sufficient energy to easily pump material out of the galaxy, removing the 
material from which future generations of stars would have formed and hence, effectively truncating star birth process.  
Possible explanations for what powers the outflow range from central black hole fueled active galactic nuclei (AGN) to 
supernovae winds, or (most likely) a balanced combination of both. These observations begin to provide tentative 
evidence for an evolutionary link between strong star-forming galaxies which can quickly expel their gas in this strong 
feedback mode to eventually form “red and dead” galaxies, as studied by Kriek et al.

Looking back further in time to study the state of affairs of the first primitive galaxies within the first billion years of the 
Big-Bang, Mark Swinbank (University of Durham, UK) et al. took advantage of one of nature’s largest lenses to probe 
the properties of a highly magnified, star-forming galaxy at z = 4.92 behind the galaxy cluster MS 1358+62. Using the 
Gemini near-infrared integral field capability on GNIRS (together with imaging from HST and Spitzer), Swinbank and 
his team mapped kinematics and star-formation properties using the nebular [OII] 3727 emission line doublet.  These 
data spatially resolve the distribution of star formation and dynamics (see Figure 3 & 4), and also provide evidence for a 
galactic-scale outflow (estimated to be young, less than 10 million years). The team was also able to isolate and estimate 
the sizes, masses, and star-formation rates for two of the brightest HII regions in the galaxy on scales of just 100 parsecs 
and they found them to be comparable in mass and density to those found in local massive star-forming HII regions. 
However, these HII regions in the young universe have star-formation rates more than100 times the rate typical of HII 
regions in the local universe.

Figure 2: (above left), (a) Spectrum of 

1255- 0, obtained over the course of 6 

nights with GNIRS on Gemini South. 

Figure 3: (above right), Color composite  

HST ACS VRI-band image of the lensed 

z = 4.92 galaxy behind MS 1358+62 

with the z = 4.92 critical curve from our 

best-fit lens model overlaid. The HST 

images clearly show the multiply imaged 

galaxy as two mirror images which are 

folded about the critical curve (red line 

resolved into two images of the back-

ground galaxy). The morphology of the 

galaxy is clearly dominated by up to six 

star- forming regions surrounded by a dif-

fuse halo. The upper middle panel shows 

the white light (wavelength collapsed) im-

age of the [OII] emission from the IFU; 

the boxes labeled 0-4 denote the regions 

from which spectra were extracted .
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Future research on galactic star birth will undoubtedly continue to excel at Gemini. Integral field unit studies of other 
galaxies will establish trends by increasing sample size and diversity of galactic masses and redshift. Further probing in 
the mid-infrared will penetrate possible obscuration of star birth that might have been hidden in previous near-infrared 
studies such as those described in this article. Laser guide star adaptive optics will continue to improve spatial resolution, 
and infrared sensitivity will improve. This will allow Gemini to more efficiently collect and analyze radiation from 
energetic outflows, leading to a more complete understanding and characterization of star birth as galaxies evolve.
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Figure 4: (left), A one- dimensional 

spectrum of the five star-forming regions 

within the z = 4.92 galaxy from the 

NIFS IFU observations. In all panels the 

position of the [OII] 3726.8, 3728.9 

doublet is at a fixed redshift of z = 

4.9296. The final panel shows the one-

dimensional spectrum of the z = 4.92 gal-

axy around the Lyman- alpha emission. 

(right) The extracted, one- dimensional 

velocity gradient along the long axis of the 

galaxy (source plane).
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