
THESIS

If quantum theory is correct, then 
the world is fundamentally diff erent 
from what most of us suppose. 
Th at’s the gist of John Bell’s famous 
‘theorem’ of forty-one years ago, 
which suggests that quantum theory 
is inconsistent with so-called local 
realism — the notion that the world 
exists ‘out there’ with properties of 
its own, and that physical infl uences 
always act locally, without any 
‘spooky’ action at a distance.

Quantum theory could be 
wrong, of course, but many ex-
periments back it up — and I don’t 
know a single physicist who fi nds 
this surprising. Measure the proper-
ties of pairs of entangled particles — 
such as the polarization of photons 
sent to very distant locations — and 
you fi nd correlations stronger than 
any locally realistic picture can 
explain. Every few months another 
experiment gives similar confi r-
mation, with better statistics, and 
you have to wonder: do further 
experiments have any point? It is 
tempting to answer no, but the is-
sues involved could be more subtle 
than many physicists suppose. 

It is widely acknowledged that 
no experiment has yet been truly 
‘loophole free’. In particular, pho-
ton detectors only detect a fraction 

of the photons in any experiment. If 
these pairs give an unbiased sample 
of all pairs, this is no problem. But 
what if the physics that determines 
which photons get detected is 
somehow linked to the physics that 
underlies the correlations? 

Th at may seem unlikely, and 
closing this detection loophole 
may be no more than a mopping-
up operation. “It is hard for me to 
believe,” Bell himself commented, 
“that quantum mechanics works so 
nicely for ineffi  cient practical setups 
and is yet going to fail badly when 
suffi  cient refi nements have made.” 
Th en again, we cannot know the 
results of an experiment in advance. 

In 1933, sensible physicists 
thought Otto Stern was wasting his 
time measuring the magnetic mo-
ment of the proton, as this particle 
would obviously behave much 
as the electron, following Dirac’s 
theory. But Stern found a moment 
two-and-a-half times larger than 
expected — prefi guring the discov-
ery of internal nucleon structure. 
It makes sense to close loopholes, 
whatever our expectations. 

Besides, there’s another pos-
sibility that Bell, apparently, did 
not consider — that local realism 
might still prevail, even if quantum 
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theory doesn’t fail. Ian Percival, 
among others, has argued that even 
if quantum theory is strictly cor-
rect, it could be that some quantum 
states — in particular those that al-
low ‘weak non-locality’ of the kind 
that violates local realism — might 
be impossible to realize in practice. 
Th e analogy would be with the 
second law of thermodynamics, 
which rules out many processes 
(for example, heat fl owing in the 
wrong direction) that otherwise 
respect the laws of physics. 

In principle, quantum theory 
could be correct, but constrained, 
and in such a way that no 
loophole-free experiment is in fact 
possible. It’s certainly a fascinating 
possibility, worth taking seriously, 
and several groups are doing just 
that, by pursuing loophole-free 
experiments. Time will tell if they 
can realize them in practice. 

Personally, I have to admit to 
a sneaking hope that they cannot 
— and that some new physics 
will emerge that makes our world 
locally realistic aft er all, as Einstein 
insisted it should be, even though 
quantum theory remains correct. 
Maybe, just maybe, Einstein and 
Bohr could both have been right.

 Mark Buchanan

Return to the space race
Th e future of space science and ex-
ploration has been much discussed 
over the past few months, on both 
sides of the Atlantic. In September, 
NASA administrator Michael Grif-
fi n announced plans for returning 
humans to the Moon, as a stepping 
stone to Mars and beyond. It 
would supposedly cost US$104 
billion, would stay within NASA’s 
existing budget and would have 
astronauts on the Moon by 2018. 

A month later, the UK Royal 
Astronomical Society issued a 
report on the “Scientifi c Case for 
Human Space Flight”, arguing that 
Britain should take part in the new 
space race. Among the claimed 
benefi ts was that human space 
exploration motivates children to 
get interested in science. 

Th ere’s no denying that. Shar-

ing a stage with an astronaut (as I 
have) is like standing beside a rock 
star. Th ere is also no denying that 
returning to the Moon has greater 
potential scientifi c benefi t than 
continuing the space shuttle and 
the International Space Station. 
But then it is hard to think of any 
US$100-billion project that would 
not have greater scientifi c benefi t.

If it’s a question of inspiring 
young people to learn science, it 
would be cheaper and, perhaps, 
wiser to follow the suggestion of 
a recent National Academy of 
Science report, which proposed 
spending money to train teachers 
in public schools to teach science, 
and to teach it creatively. 

Th ere is cause for concern that 
the NASA plan will hurt science, 
even if it does get us back to the 

Moon (which is also debatable). 
Working within the current 
budget implies the reallocation of 
resources from other NASA pro-
grammes. If history is any guide, 
those programmes are likely to be 
the ones that involve real science, 
and which up to now have used 
much cheaper unmanned probes 
such as the Mars Rovers. Exciting 
projects — such as the search for 
gravitational waves, new probes of 
the cosmic microwave back-
ground, and the successor to the 
Hubble space telescope — have 
already been delayed by the shift -
ing of funds from unmanned to 
manned space exploration. I am 
all for adventure, but only if we 
are honest about the costs and the 
benefi ts for science as well. 

 Lawrence M. Krauss
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