
If an event in the universe could be perfectly matched for an observatory, it would be hard to imagine a better coupling 
than Gamma-ray Bursts (GRB) with Gemini. GRB evolve very rapidly and are the most energetic explosive events known 
in the universe since the Big Bang. They radiate prodigious amounts of energy but generally happen at tremendous 
distances away, making them appear faint (see GRB background information on page 47). Timing is everything when it 
comes to studying GRB, and Gemini’s multi-instrument queue provides the temporal, spectral, and technological flexibil-
ity to literally catch these transient, fleeting events “in the act.”

Since their discovery in 1967, GRB have been elusive and difficult to study due to their faint optical/infrared brightnesses 
and short lifetimes. Initially, astronomers struggled to determine if these events happened in the local universe or were 
cosmological in nature. Over the past decade, Gemini has been instrumental in raising the distance bar for GRB and 
now their distances and simple optical/infrared spectroscopic signatures make them critical probes into the high-redshift, 
distant universe. The temporary afterglow of a GRB is a beacon of light that allows us to sample difficult-to-study, far-off 
realms, such as the interstellar medium in star-forming galaxies, the intergalactic medium (IGM), and especially star-
birth rates in the very young, immediate-post re-ionization universe. The fleeting optical/infrared afterglow is also critical 
because it allows astronomers to determine the distance to a GRB, see Figures 1 and 3)

Gemini’s impact on the field of GRB began when the argument over what constraints might limit the two varieties of 
GRB (short-hard and long-soft) was just being formulated. At that time (pre-2005), the optical afterglow from short-
hard GRB was still unobserved; meanwhile, the long-soft variety was being detected optically and expanding the range of 
redshifts on both ends of the distance scale. This eventually presented the possibility that long-soft GRB could be part of a 
continuum of stellar-mass explosions connected to supernovae seen in our local universe. Gemini played a critical role in 
the study of the most significant connecting link between GRB and supernovae (SNe)—an event called XRF 060218 (see 
Figure 2). Three days after the Swift satellite detected a burst on February 18, 2006, Gemini data revealed that a supernova 
was associated with this burst. This linked the event to the death of a massive star at a redshift of only about 0.033 (making 
it one of the nearest GRB ever detected, at a distance of only about 466 million light-years). The spectrum indicated that 
the supernova had properties placing it somewhere between those of previous GRB-SNe and ordinary Type Ibc supernovae 
observed in the local universe.

At the other end of the distance scale, speculation about the high-end redshift limits for GRB began a race to discover how 
deep these events could penetrate into the early universe. By the mid-2000s, Gemini was routinely obtaining absorption 
spectra for GRB between 1< z <5, and speculation that the limits could go higher was common. Part of the problem is that 
at about z>7, a physical “wall” exists to optical detection because of complete absorption of the Lyman-alpha suppressed 
GRB spectrum due to neutral hydrogen in the IGM. This requires observing in the infrared—a winning hand for Gemini. 

Gamma-ray Bursts
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Figure 1 (above) The fading infrared 

afterglow of GRB 090423 is shown at 

center in a false color image from Gemini 

North NIRI Y-, J-, and H-band im-

ages (left-right, top-bottom respectively) 

shown in background. These images were 

used with a K-band image from the 

United Kingdom Infrared Telescope to 

approximate the GRB’s redshift which is 

currently the most distant object ever seen 

in the universe. 

In an article by Edo Berger (Harvard), and Alicia Soderberg (Harvard), published in the June 2007 issue of GeminiFocus, 
it is stated that, “…our current gamma-ray program at Gemini is indeed focused on rapid near-infrared imaging of burst 
afterglows in order to increase the number of high redshift gamma-ray bursts and hopefully in the near future detect the 
first objects at z > 7.” In less than two years, Gemini would be instrumental in making this prediction prophetic, and in the 
process, taking humanity’s vision to new limits. 

On April 23, 2009, a long-duration GRB triggered an alert from the Swift satellite, prompting Gemini (through a Target 
of Opportunity program) and other large telescopes to scramble and collect photons from a burst, dubbed GRB 090423, 
that would prove to be at the very edge of the observed universe. The first telescope on the scene was Gemini North’s 
neighbor the United Kingdom InfraRed Telescope (UKIRT), which obtained the initial infrared image (K-band, at 2.15 
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microns) within 20 minutes of the burst. Overlapping with UKIRT, Gemini North began imaging with the Near-Infrared 
Imager (NIRI) in Y-, J-, and H-bands (see Figure 1) to obtain a photometric redshift estimate which came in between z = 
7.6-9.2 (see Figure 3). Subsequent spectra (about 17 hours later) from the European Southern Observatory’s Very Large 
Telescope pegged the burst’s redshift at z~8.2, making this the most distant object/event ever detected in the universe (see 
Figure 4). 

At this redshift, GRB 090423 pushes the look-back time to within about 630 million years of the Big Bang, or 4.6 percent 
of the current age of the universe. Such a constraint brings astronomers ever closer to seeing the first generations of stars 
and galaxies and leads to a better understanding of star birth within the young galaxies forming in the early universe (see 
article starting on page 36  of this issue).

The study of short-hard bursts at redshifts between z = 0.5 and 1.2, as well as their affiliation with elliptical galaxies, galaxy 
clusters, and regions with no ongoing star formation in late-type galaxies, indicates no connection with supernovae for 
this variety of GRB. Theory suggests that these events are triggered by the collision of compact-object binaries, such as the 
merger of neutron stars, or even a neutron star and a black hole. Progenitors for the short-duration GRB have a typical 
age of about four billion years and have a wide range of redshifts. Gemini Multi-Object Spectrograph optical observations, 
complemented by data from other observatories, show that jets may be involved in short-duration GRB. Energies are also 
significantly higher than initially thought, and in at least 50 percent of short-hard GRB the energies overlap that of some 
long-duration GRB (see Figure 5). Illustrative of this is the well-studied GRB 051221a, which has a redshift of z=0.546 
(about 10 billion light-years away) and a total energy output 10 times larger than that of previous short-duration GRB. 
If current trends continue, perhaps the boundaries between the energies and redshifts associated with long- and short-
duration GRB will continue to blur. And what might be the fate of the fine line separating long-duration GRB and nearby 
supernovae? These questions (and likely many we cannot even imagine) will keep astronomers rapidly pointing the Gemini 
telescopes to the faint afterglows of GRB Targets of Opportunity and probing the very depths of the observable universe.  
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Figure 2 (above left): The outflow kinetic 

energy, EK, of cosmic explosions may be 

probed through optical, radio and X-ray 

observations and is compared for ordinary 

SNe Ibc and GRB/XRF. Optical data 

(small dark circles) trace the slowest ejecta 

to which the bulk of the kinetic energy is 

coupled while radio and X-ray data (large 

light circles) trace the fastest ejecta in the 

explosion. XRF 060218 is an intermedi-

ate example that lies between ordinary 

SNe and GRB with respect to energy 

coupled to mildly-relativistic material.

 

Figure 3 (above right): Near-infrared 

observations of GRB 090423 in the Y-, 

J-, H-, and K-bands. The dashed red 

line indicates spectral flux density in the 

absence of neutral hydrogen absorption 

at high redshift, while the solid red line 

includes the effect of absorption at the 

redshifted wavelength of the Lyman-alpha 

line. The blue line indicates the effect 

of dust extinction, which clearly cannot 

explain the sharp cut-off at about 1.2 

microns.
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Figure 4: (left, top), Redshift distribution 

of Gamma-ray Bursts, including the 

record-breaking GRB 090423 at z = 8.2. 

Also shown are the highest redshift galaxy 

(z = 6.96) and quasar (z = 6.43).

Figure 5: (right, top), Images from 

Gemini and other facilities of several faint 

short-hard GRB hosts that reside at higher 

redshifts than previously expected 

(z~0.5-1.2). The large circles mark the 

X-ray positions of the afterglows 

(< 5 arcsecond radius). Arrows mark the 

positions of the hosts. The higher redshifts 

lead to a wide range in energy release for 

short GRB and to a typical progenitor age 

of a few billion years.

Background on Gamma-ray Bursts: 

Gamma-ray Bursts (GRB) are among the most energetic explosions in the universe. Known since 1967 GRB were 

first detected serendipitously by the Vela military spacecraft which was built and launched to detect man-made nuclear 

explosions in the upper atmosphere or in near-Earth space. Thirty years later, in 1997, it became clear that their origins 

were associated with very energetic, rapidly occurring events happening in distant galaxies. To systematically identify 

these transient events, the Burst Alert Telescope (BAT) was launched on NASA’s Swift satellite in 2004, resulting in  sig-

nificantly better detection and follow-up rates for GRB by ground-based telescopes like Gemini. There are two classes 

of GRB: the long-soft bursts (or long-duration bursts, with “softer” lower energy emissions, surmized to be associated 

with the death of some massive stars), and the short-hard bursts, (or short-duration bursts, of shorter duration with 

“harder” higher-energy emissions and thought to be the catastrophic energy output of the explosive merging of massive 

stellar remnants, like neutron stars or black holes).
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