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Observatory (ESO) New Technology Telescope (NTT) at
La Silla on April 3rd. Through heroic effort (they observed
the object all night) and data reduction—it took a week, the
NTT spectrum showed the object was indeed a SN Ia. In
writing the IAU circular, we needed to come up with a name
for our team—for lack of anything better, we settled upon the
High-Z SN Search team.

In the days that followed, Nick, Mark, and Bob Schommer
convinced Allan Dressler at Carnegie to take a series of
images of SN 1995 K with the DuPont telescope at Las
Campanas. That data, combined with that taken at ESO and
CTIO, provided what is still a very good light curve of a
distant SN Ia. We presented the light curve and its place on
the Hubble diagram September 1995 in our application for
telescope time. While 1995 K showed q0 ¼ "0:6, the uncer-
tainty was such that we required at least 10 objects to make a
statistically significant measurement, and we did not give the
actual value much thought (Fig. 6).

Supernova aficionados Alejandro Clocchiatti (Catolica
University) and Alex Filippenko (Berkeley), along with non-

supernova experts John Tonry (Hawaii), Chris Stubbs, and
Craig Hogan (University of Washington), were all recruited
to the team in 1995 bringing along specific skills and addi-
tional telescope time resources.

Alejandro Clocchiatti undertook his Ph.D. thesis at the
University of Texas studying type Ib/c SN—likely contami-
nants in our experiment which we needed control using his
expertise. Alejandro was also resident in Chile where we
could use his physical presence in helping executing obser-
vations, as well as providing us additional access to Chilean
telescopes.

Alex Filippenko, a member of the community that
studied supernovae, had approached me in 1995 to join
the High-Z Team. We turned him down on the basis that
we did not want to be seen as poaching a member from a
competing team. By the end of 1995 it became clear that
Alex’s expertise and access to Keck were going to be
essential for us to successfully undertake our experiment
to measure on q0. So when he asked again in 1996 to join
our team, we immediately said yes.

John Tonry, in addition to providing access to telescope
time through the University of Hawaii, is widely regarded as
one of the most capable observational astronomers of our era.
On my trips to Hawaii, John and I would discuss the current
deficiencies in our experiment, and John would inevitably
write new programs to assist with our discovery and analysis
of SN Ia. In these bursts of programming, John developed our
interactive search tool, our spectral analysis tool (SNID,
which is still widely used by the community), and the core
of our photometric analysis pipeline.

Chris Stubbs was one of the members of the MaCHO
gravitational microlensing experiment which operated the
Mount Stromlo 50 inch telescope, and he brought significant
experience in analyzing large data sets, which our group
sorely lacked.

Craig Hogan was an eminent theorist who had taught me
cosmology at the University of Arizona before he moved to
the University of Washington. I felt (and still feel) that it was
important to have at least one theorist on any large observa-
tional program, and Craig was someone whose theoretical
grounding was well matched to the needs of our team.

Given the dispersed nature of our team, we had to gather
each year to discuss how the observational program was
progressing, and how we were going to turn all of the our
data into a definitive measurement of q0. Our first meeting
was in 1996 at Harvard. We had just been awarded
Director’s Discretionary time with the Hubble Space tele-
scope, and we needed to plan on how to use this great
resource effectively. We decided to expand our discovery
platform to include the new wide field camera on the Canada
France Hawaii Telescope, in Mauna Kea, with University of
Hawaii astronomer and High-Z team member, John Tonry,
providing access to this unique facility. Running SN
searches on two telescopes, twice per year, made me and
the team very busy people.

Each observing run was organized chaos. I would arrive a
week early, with the latest version of the software. Since we
did not have dedicated equipment, the whole pipeline would
be rebuilt at the beginning of each run—and this never
proceeded smoothly. Each facility had its own sets of oper-

FIG. 6. SN 1995 K on the Hubble Diagram from our September
1995 telescope proposal.

FIG. 5. Original stamps for candidate C14—complete with typos.
This object was confirmed as SN 1995 K, which at z ¼ 0:479, was
the most distant SN Ia yet discovered in April, 1995. The observa-
tion taken on March 29th (upper left) was matched (upper right) to
the observation taken in February (lower right), and subtracted
(lower left).
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made a major step forward in our understanding of how the
world works, we have ultimately been able to solve more
problems, including very practical problems. I think that is
the only way we can proceed as basic scientists: we try to see
what we can understand, and we hope it opens more possi-
bilities for what we can do in the world.

So far, you may have the impression of this science being a
very cut-and-dried activity: we identify each problem, and
solve it, and then see the results. But the actual experience of
this work is completely different: it is a nonstop whirlwind of
activity and people. Unfortunately there are almost no photo-
graphs of this 10 yr project to show this.

But a few years ago I tried to convey this with the
following very fast, impressionistic, verbal sketch of scenes
from the decade leading up to the discoveries. (I will

supplement this with the few photos that we do have; see
Figs. 29–82.)

It begins with brainstorming at Berkeley with Carl
Pennypacker (in 1987) as we first batted around hardware
and software plans for a new high-redshift SN project in Rich
Muller’s group, which Rich soon embraced—and then the
consequence: the mountaintop observatory cafeteria at
Coonabarabran as Carl, graduate student Heidi Newberg,
former-graduate student Shane Burns, and I got to know
our pioneering Australia-based colleagues, Warrick Couch
and Brian Boyle installing and then using our weird crystal
ball of a wide-field corrector and camera at the AAT 4-m
telescope—which led to our first high-redshift (but uncon-
firmed) SN.

Back at Berkeley, I have an image of Gerson Goldhaber
overlaying transparencies with negative and positive images
of fields full of galaxies—image analysis for the days when
the computers were down!

FIG. 28 (color). As the SCP added the new batches of high-
redshift supernovae to the Hubble diagram the history of the
Universe’s expansion slowly began to be apparent (Perlmutter
et al., 1998). The very first data (the red points around a redshift
of z ¼ 0:4 on the upper plot) appeared to favor a slowing universe
with no cosmological constant, but with only 7 supernovae the
uncertainties were large. Even one very-well-measured supernova—
it had Hubble Space telescope observations—at twice the redshift
(the red point at z ¼ 0:83 on the upper plot) already began to tell a
different story. But the evidence really became strong with 42
supernovae (the red points on the lower plot). Now there was a
clear bulk of the supernova data indicating a universe that is
dominated by a cosmological constant, not ordinary matter. Its
expansion is apparently speeding up.

FIG. 29 (color). Our supernova data clearly did not fit with any of
the decelerating options shown in the upper panel. To fit the data, we
now had to add curves that are currently accelerating, as shown in
the blue region of the lower panel. The best fit curve was decelerat-
ing for about the first 7" 109 years, and then accelerating for the
most recent approximately 7" 109 years. This was the surprising
result the supernovae were showing us. Adapted from Perlmutter,
2003.
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made a major step forward in our understanding of how the
world works, we have ultimately been able to solve more
problems, including very practical problems. I think that is
the only way we can proceed as basic scientists: we try to see
what we can understand, and we hope it opens more possi-
bilities for what we can do in the world.

So far, you may have the impression of this science being a
very cut-and-dried activity: we identify each problem, and
solve it, and then see the results. But the actual experience of
this work is completely different: it is a nonstop whirlwind of
activity and people. Unfortunately there are almost no photo-
graphs of this 10 yr project to show this.

But a few years ago I tried to convey this with the
following very fast, impressionistic, verbal sketch of scenes
from the decade leading up to the discoveries. (I will

supplement this with the few photos that we do have; see
Figs. 29–82.)

It begins with brainstorming at Berkeley with Carl
Pennypacker (in 1987) as we first batted around hardware
and software plans for a new high-redshift SN project in Rich
Muller’s group, which Rich soon embraced—and then the
consequence: the mountaintop observatory cafeteria at
Coonabarabran as Carl, graduate student Heidi Newberg,
former-graduate student Shane Burns, and I got to know
our pioneering Australia-based colleagues, Warrick Couch
and Brian Boyle installing and then using our weird crystal
ball of a wide-field corrector and camera at the AAT 4-m
telescope—which led to our first high-redshift (but uncon-
firmed) SN.

Back at Berkeley, I have an image of Gerson Goldhaber
overlaying transparencies with negative and positive images
of fields full of galaxies—image analysis for the days when
the computers were down!

FIG. 28 (color). As the SCP added the new batches of high-
redshift supernovae to the Hubble diagram the history of the
Universe’s expansion slowly began to be apparent (Perlmutter
et al., 1998). The very first data (the red points around a redshift
of z ¼ 0:4 on the upper plot) appeared to favor a slowing universe
with no cosmological constant, but with only 7 supernovae the
uncertainties were large. Even one very-well-measured supernova—
it had Hubble Space telescope observations—at twice the redshift
(the red point at z ¼ 0:83 on the upper plot) already began to tell a
different story. But the evidence really became strong with 42
supernovae (the red points on the lower plot). Now there was a
clear bulk of the supernova data indicating a universe that is
dominated by a cosmological constant, not ordinary matter. Its
expansion is apparently speeding up.

FIG. 29 (color). Our supernova data clearly did not fit with any of
the decelerating options shown in the upper panel. To fit the data, we
now had to add curves that are currently accelerating, as shown in
the blue region of the lower panel. The best fit curve was decelerat-
ing for about the first 7" 109 years, and then accelerating for the
most recent approximately 7" 109 years. This was the surprising
result the supernovae were showing us. Adapted from Perlmutter,
2003.
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