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The story is already legendary. In the late 1980s and 
early 1990s, two groups of rival researchers set out 
to measure the deceleration of the expanding uni-
verse. These groups often used the same observa-
tory, sometimes even using the same telescope on 
consecutive nights. And they both found the same 
thing, publishing their results at roughly the same 
time in 1998–1999: the expansion of space–time isn’t 
slowing down at all. In fact, it’s getting faster. The 
leaders of those collaborations – Saul Perlmutter and 
Brian Schmidt – along with Adam Riess of the lat-
ter’s group, won the Nobel Prize for Physics in 2011 
for this discovery. The implication of the result was 
that the universe consists not only of visible matter 
and dark matter, but also a gravitationally repulsive 
substance. Known as dark energy, the nature of this 
weird stuff remains as mysterious today as when it 
was first discovered.

Both groups used certain kinds of exploding stars 
called type Ia supernovae for their measurements. 
These supernovae brighten and fade in very similar 

ways and the current thinking is that this is because 
they have a common source: the explosion of either 
one or two white dwarfs, which are the stellar rem-
nants of small-to-medium-mass stars such as the 
Sun. This consistent brightness allows astronomers 
to determine how far away the object was when the 
light left it and for that reason, type Ia supernovae 
are known as “standard candles” – reliable light-
houses in the measurement of cosmic distances.

Or so we all thought.
Most type Ia supernova observations use visible 

light, largely for practical reasons. However, a few 
years ago a team of observers decided to take a look 
at them using ultraviolet (UV) light with NASA’s 
space-based Swift observatory. What they found 
came as a big surprise. The type Ia supernovae were 
not all the same, but came in two varieties that are 
nearly indistinguishable in visible light, but quite dis-
tinct in the UV (Milne et al. 2015 ApJ 803 20).

So what does this mean for the status of type Ia 
supernovae as standard candles? The crux of the 

Not-so-standard candles
The discovery in the 1990s that the expansion of the universe is accelerating relied on the assumption 
that type Ia supernovae could all be calibrated to have the same brightness as each other. But as 
Matthew R Francis reports, new evidence shows that these objects in fact come in two previously 
indistinguished varieties
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UV observations is that one variety of the super-
novae is more common in closer galaxies, while the 
other is nearly ubiquitous in farther galaxies. If true, 
that would introduce a bias in the measurement of 
distances, and therefore in estimates of the rate of 
expansion of the universe and in turn how much 
dark energy there is. “Maybe there isn’t as much dark 
energy as if you don’t recognize this fact,” says astron-
omer Peter Milne from the University of Arizona, 
the lead author of the paper describing the two type 
Ia populations. Specifically, Milne says that some 
cosmic acceleration could go away, though precisely 
how much depends on the details of the analysis.

Others go even further – albeit not yet in peer-
reviewed journals – casting doubt on type Ia super-
novae as reasonable distance measurements. With 
all of this, some have pondered aloud whether dark 
energy itself might fade away. Between the Nobel 
prize, the frustrating lack of a satisfactory theory of 
dark energy and these recent challenges, it’s a good 
idea to review what we do and don’t know about type 
Ia supernova cosmology – and why, despite the trou-
bles, cosmic acceleration isn’t going away just yet.

Standard candles
Measuring distances is possibly the biggest challenge 
in astronomy. Standard candles were the 20th-cen-
tury solution to that challenge by relying on objects 

with a known, or at least easily calculable, intrinsic 
brightness. The idea is that their intrinsic bright-
nesses are the same (i.e. they’re all just as bright at 
their source) and we observe their dimmer apparent 
brightnesses (how bright they appear to us). Because 
distant objects appear fainter than closer ones in 
a straightforward way, it’s easy to work backwards 
from the apparent brightness of a standard candle to 
calculate precisely how far away it is.

The first standard candles were identified by the 
American astronomer Henrietta Leavitt in 1912 and 
are a type of star called a Cepheid variable. Her dis-
covery allowed astronomers to begin mapping the 
universe, which initiated the modern study of cos-
mology. Classified in the 1980s, type Ia supernovae 
were soon identified as standard candles, although 
they are sometimes known as “standardizable can-
dles”, because it’s not their intrinsic brightness that 
matters so much as the similar way they grow brighter 
and fainter over time. By overlaying plots of the vari-
ation of brightness with time, astronomers obtain the 
same result: a clear way to compare the light from a 
distant type Ia supernova to one closer by. With that 
comparison, it’s possible to measure the distance to 
any type Ia supernova, and because these events are 
so bright, it became possible to map type Ia superno-
vae that are billions of light-years distant. With the 
dimmer Cepheid variables, in contrast, astronomers 
had been restricted to mapping a smaller volume of 
the universe.

That explains how to map the position of type Ia 
supernovae, but where they come in really handy is 
that we can also work out how fast they’re going. As 
the universe expands, the wavelength of light travel-
ling through it gets stretched, making (for example) 
blue-coloured objects look redder. Known as the 
cosmological redshift, it was first exploited by astron-
omers (including Edwin Hubble) in the 1920s to dis-
cover that the universe is expanding: more distant 
objects look redder than closer ones. By comparing 
the apparent brightnesses of type Ia supernovae to 
their redshifts, researchers can measure exactly how 
fast the universe is expanding – including how much 
it is accelerating.

For standard or standardizable candles to work, 
though, researchers have to be sure they can trust 
their calibration of the apparent brightness. If that’s 
skewed, the distance calculation will be similarly 
off. When Milne and his colleagues made their UV 
observations, they found that type Ia fell into not 
one but two distinct populations, which they refer 
to as the “red” and “blue” groups. Since this is UV 
light, they aren’t literally red or blue in appearance; 
the terms refer to the relative amounts of longer- or 
shorter-wavelength UV light. A “blue” supernova 
has more high-energy, short-wavelength light than a 
“red” one. The astronomers also used existing data 
from ground-based telescopes, which could see UV 
light that had been “redshifted” – stretched to longer 
wavelengths until it was detectable by visible-light 
instruments. That gave them a sample of about 75 
type Ia supernovae in total.

Milne and his collaborators found that two-thirds 
of the nearer type Ia supernovae were “red”, while 

Standard candles If we always know how bright a certain type of 
celestial object is, then by observing its apparent brightness, we can 
calculate how far away it is.
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farther-off supernovae were mostly “blue”, which is 
the opposite of what you might expect. But as always 
with spectroscopy in astronomy, the interstellar dust 
that the light has travelled through to reach us needs 
to be taken into account. Ordinarily, the dust – large 
molecules in interstellar space that absorb light of 
certain wavelengths – is what primarily determines 
the colour of a supernova. In this case, the spectra of 
the “blue” supernovae show signs of carbon, which 
is likely a remnant of the original white dwarf blown 
out into space, while the “red” ones don’t have that. 
Because the colour difference between the “red” and 
“blue” supernovae is much less pronounced in visible 
light than in UV, nobody noticed the problem until 
Milne and his colleagues published their UV data 
in April this year, followed by a dust analysis in May 
(Brown et al. ApJ 805 74). The implication is that 
if you take the UV colour difference into account, 
then far-off supernovae are closer than they would 
be if you did not make that correction, which in the 
past has made cosmic acceleration seem larger than 
it actually is.

However, Mark Sullivan – an astronomer from the 
University of Southampton in the UK – thinks that 
the new UV observations don’t bring into question 
the detection of cosmic acceleration at all. “That 
type Ia supernovae come in different flavours, or 
populations, has been known for many years,” he 
says. “The Milne et al. paper is a very nice demon-
stration of this, and will undoubtedly lead to some 
improvements in the methods used to standardize 
type Ia supernovae.” He adds that serious simula-
tions of the different supernova populations using 
state-of-the-art supernova calibration tools need 
to be performed before the impact on dark energy 
measurements is fully understood.

The three-legged stool
These studies might seem like a challenge to dark 
energy itself, and if researchers relied on superno-
vae alone, they would be. But our knowledge of dark 
energy sits on a three-legged stool, and only one of 
those legs relies on type Ia supernovae. The other 
two legs – the cosmic microwave background (CMB) 
and baryon acoustic oscillations – reinforce our cur-
rent understanding of the universe. (There are other 
legs, but these three are the most important as of 
2015.) While the full consequences of the “red/blue” 
supernovae split remain to be seen, the resolution lies 
in using all three types of observation, not just one.

Baryon acoustic oscillations (BAO), first observed 
in 2005 following analysis of data from the Sloan 
Digital Sky Survey, are the newest of these observa-
tions. In the early universe, ordinary matter formed 
acoustic oscillations, or sound waves – regions of 
higher density and pressure – within the primordial 
plasma. When the cosmos cooled, those waves were 
frozen into the position of the matter that eventually 
formed galaxies. These waves are much bigger than 
any galaxy or galaxy cluster, but they affect where 
galaxies are likely to be found (see “Sounding out 
our cosmic ripples”, July 2014 pp24–28). 

Because the acoustic oscillations are relics of 
the early cosmos, they are “standard rulers”: they 
started out the same size and then expanded like 
graph paper along with the universe. So their appar-
ent size to us – short when we peer far back in time 
but longest today – can be used along with redshift 
to measure the expansion rate of the universe. Huge 
astronomical surveys such as the Baryon Oscilla-
tion Spectroscopic Survey (BOSS) and the WiggleZ 
project set out to map as many galaxies as possible, 
and now are widely considered as reliable as super-

1 Cosmic beacons

9 May 2005

7 February 2014

12 February 2014

Supernova 2014J in galaxy M82, as captured (a) by the Spitzer Space Telescope using visible light and (b) by the Swift observatory using ultraviolet light (circled). 
Recently published work has shown that viewing the universe in ultraviolet allows us to distinguish two varieties of type Ia supernovae: “blue”, which have more high-
energy short-wavelength light, and “red”. Nearer type Ia supernovae are usually “red”, while farther type Ia supernovae are mostly “blue”.
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nova surveys – perhaps even more so. As University 
of Durham cosmologist Nuala McCullagh points 
out, “Without anything else, just BAO, you can get 
a pretty good detection of dark energy.” The data 
are getting better all the time, too. “People rely on 
BAO more almost than supernovae in terms of dark 
energy,” says McCullagh, who explains that BAO 
provide cleaner data than type Ia explosions.

The third leg in the cosmological stool is the CMB, 

the imprint of light left over when the universe 
became transparent about 380 000 years after the 
Big Bang. The fluctuations in the CMB provide a 
measure of the total content of the universe: all the 
ordinary matter, dark matter, light, dark energy and 
anything else. The combination of different data is 
where cosmology is most successful: BAO and CMB 
together provide a whopping 20-sigma detection of 
dark energy.

Questioning our methods
The supernova leg of the stool may be the wobbli-
est, but it’s still necessary. By itself, the CMB tells 
us that most of the energy content of the cosmos 
isn’t accounted for by matter and radiation, but can’t 
reveal much about what that energy is. BAO tell us 
the cosmos is accelerating. But type Ia supernovae 
can help determine exactly how fast the universe is 
accelerating, and whether that rate is changing in 
time. From that perspective, the UV observations 
by Milne and collaborators are an important step in 
the establishment of precision measurements of the 
cosmos. Cosmology requires re-examining methods 
from time to time, not to tear them down, but to 
make them more powerful.

Type Ia supernovae are unlikely to fade com-
pletely as a means to measure cosmic acceleration. If 
those candles are a little less standard than we once 
thought, then it’s better to know now in the hopes of 
better illumination in the future.  ■

Look again The discovery that there are two varieties of type Ia supernova could impact some 
calculations of the rate of acceleration of the expansion of the universe, and therefore the 
amount of dark matter in the universe.
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