AS AN ASTRONOMER AT THE MT PALOMAR
Observatory in California during the 196os,
Halton Arp was in the enviable position of
having access to the world’s most powerful
telescope. With its gigantic 5-metre mirror,
the Hale reflector telescope could see deeper
into space than any other instrument.

The telescope had already made headlines
with the discovery in 1963 of by far the most
distant object then known in the Universe.
Code-named 3C 273, it looked like a faint,
star-like object similar to countless others
in our galaxy. But detailed measurements
indicated that 3C 273 was no star, Studies of
its light suggested it was hundreds of millions
of lightyears beyond our galaxy, so to be

IN A NUTSHELL

The redshift
controversy

For the last five decades a small group of
astronomers has maintained that a key part
of the Big Bang theory is completely wrong.
Rubeﬂ Matthews looks into their claims

visible at r.]] 3C 273 had to be 100 times
brighter than an entire galaxy.

Intrigued by the discovery of this so-
called qu:l.:;;i,-btt‘ﬂal' object, or ‘quasar’,
Arp set about using the Hale telescope to
examine other bizarre cosmic objects. By
1966, he had catalogued over 300 of them,
and had noticed that quasars tended to
turn up near to strange-looking galaxies.

One obvious explanation was simple
coincidence: after all, many stars appear
close to one another in the sky, yet are
really separated by huge distances. It was
an explanation apparently backed by the
standard means of measuring cosmic
distances, which indicated that the =

What is the redshift controversy?
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Since the 19605 some
astranomers have
challenged one of the
cornerstones of modern
astranomy: the redshift
effect. Used to gauge the
speed and distance of
galaxies, the redshift effect
is usually ascribed to the
expansion of the Universe
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reddening a galaxy’s light.
But studies have revealed
what appear to be physical
connections between
galaxies and so-called
quasars, casmic ohjects
whose redshifts suggest
they are at much greater
distances. This has led to
claims that the redshift

effect cannot be relied on
- which would undermine
decades of research. Most
astronomers reject this
possibility, however, and
insist that those making
the claims are wilfully
ignoring a wealth of
evidence backing the
standard view of redshifts,
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claim that there is a physical connection
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The world's greatest mysteries Redshift

The core of NGE 3079, & spiral galaxy sermounded by at least nine quasars. Could this be a fluke?

= quasars were hundreds of milliens of
lightyears further away than the galaxies,

Yet Arp was convinced he could see actual
physical connections between quasars and
galaxies — for example, & luminous 'bridpe’ of
gas apparently linking a nearby galaxy named
MGC 4310 with a supposedly fur more digtant
guasar called Markarian zo5

For Arp, the conclusion was unavobdablbe:
there must be something wrong with the
standard ways of gauging costnic distances.
Bk a5 an asteonotner, be also knew that this
meant challenging one of the key concepts
underpinning the modern understanding of
the Universe: the redshifl effect.

First oheerved in 1g12, the redshift effect
{5 the best evidence for the most astonishing
discovery of 2oth century science; the
expansion of the Universe. Light teavelling
from distant galaxles is stretched by the
COBMIC expansion towards longer, redder
wavelengths, with the effect becoming
mare pronounced with increasing distance
The redshift affect thus gave astronomers a

means of measuring the size of the Universe,
and bo probe lts past and future, simply by
measuring how much the light frony distant
galaxies had been reddened,

Seaing red

By questioning the link between redshift
anwd distance, Arpwas thus threateming to
undermine decades of work by countless
scbentists, And as he soon discovered, this pit
himina very urienviable position, labe|led
ag at best misguided and at worst s crank

by felloow astronomers. By the eardy g7os,
his access to the Hale telescope had been
withdrivemn, and he was forced to guit his job
in the US and move to Europe,

Fow almost #a, Arp I8 at the Max Planck
Institute in Germany, and is still gathering
cvidence, which continses to be taken
serionsly by a small but determined group
of astromnomers. Bul most mainstream
astronomers have long dismissed Arp's
claims, For example, they polnt to stwedies
of Markarian 205 using the orbiting =

JARGON BUSTER

Gravitational lensing
The curylng of space-time
arotnd gataxies, bending
and magnifying the light
from more distant objects,
which can make them
appear brighter and closer

fesult of the ex
of the Universe

The aileged tan

Hubble's law of a fixed value
The straight-line relatienship
between ke redshift of
qalaxies and their distance,
first noted by the eponymous
Asmerican astronomer in

Quasar

called because
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Quasi-stellar objects are sa-

like appearance. Most

helleve they are the bright
centres of distant galaxies,
poweered by a supermassihve
black kole consuming stars

pansion

Quantised redshifs

Redshift

The shift in the fight emitted
by astronomical objects
towarnds the longes
wavelength - and thus
redder = end of the
spectium, caused by the
expansion of space-time
between them and the Earth
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of teir star-

THE REDSHIFT MYTH

How does cosmological
redshift really work?

Mowing train sounds han

Forwand motion
‘squashos’ the sound
waves 50 they have a

shater wavelength

Sound waves have
& lomg wavelength
making them sound
low-pitchad

any textbooks explain redshift as some
kind of cosmic Doppler effect, with the
light of the galaxies moving towards
longer, redder wavelengths simply
because of their movement through space,
While the simplistic Doppler explanation
works fairly well for nearby galaxies, it
breaks down for e most distant ones,

A lalse-colour
Imags of quasal
Markarian 205




YOUNGER UNIVERSE
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with short
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UMIVERSE AFTER
HILEIOMNS OF YEARS
OF EXPANSION

where the cosmic expansion effect is critical.
For example, the seund of a train's horn as 1
approaches a station seems higher in pitch
because the distance between successive
crests im the sound waves reaching the
station Is redeced by the forward metion of
the train {see above left). But with distant
gataxies the cause of the siit In thekr kght

= Hulble Space 'I.'t"|l.=':ﬂ.'|':-|:le, wlhitch reveal
features consistent with its light having
paszed through NGO 4310 — just as
expected if it Hes far behind the galaxy,

S0 wha ig plght? One researcher who
sees meritin the claims of both sides is Bill
Mapler, an astronomer ot CardifT University,
who has followed the controversy for many
years. “1'm not in the business of teying
o comvince anyone.” he savs. "I'm just
pursuing an interesting problem."

Napier's approach is to use statistics
1o biring sorme guantitative facks o wial
many regand as a hopelesshy subjective
contraversy. For example, when Arp
first wrveiled r‘::lmplﬂs ufplaxies and
quasars apparently joined o one another
but having radically different redshifts,
ather astronomers insisted the alignments
were mere Aukes with the QUABATS nr1|].'
sppearing o be joined to the galaxies while
actually lving far behind them, But just bow
likely a Huke are theyr That is the question
Mapier has been 1:[‘5;1:r1g using compaites

Earth detecling
light rays and
calcalating
redshift

Qi to Unbvaise
expansion

towards longer, redder wavelengths is far
mone fundamental- the expansion of space-
time itsell {above right). As the Universe
expands, the distance between a galaxy and
Earth stretches, so the distance between
successive crests of the light waves
increases. The result is a redshiit effect
caused by the expansion of space itsell,

models and Fﬂlhil-l:li]“:-' I|:|r'|:|r:.l. “And so far
the resulis have come down firmly on the
slde of the radicals,” he says.

In research completed earlier this year,
Mapler has peined forces with Arp and
others to examine the case of NGC 1070, a
|:||jH]|.I xpira| Eu'E:u::,r in the constellation of
Uirss Major, whose central regions appear
to e undergaing apocalyptic changes. The
galaxy 15 unusual for another reasons it's
surrcunded by at least nine quasars, five of
which are very close to the central nucleus.
Redshift measurerments, on the other hand,
paint tothe galaxy being at a distance of
around Ho million lightyears, whils the
guasars near its nucleus are hundreds of
times further sway. Bul not according to
Napier, who calculates that the chances
of getting 2o many quasars appearing
so close to NGC 3079 by fluke alone are
around ane in a million.

The evidence fails to impress sceptics
like cosmologist Adan Myers of the
University of linois. He points out =

| Is redshift the result
Sl light Herally
rur;nin-u out of steam?

Tired light

Could redshift be caused by
light losing energy?
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