from two quasiparticles separated by some distance—say at oppo-
site ends of a nanowire—you are essentially splitting an electron.
Both “halves” would have to experience the exact same disturbance
to decohere, and that is unlikely to happen by chance.

‘That property makes topological qubits attractive for quantum
computers. Because of the ability of a qubit to be in a superposi-
tion of many states at once, quantum computers should be able to
perform otherwise impossibly calculation-intensive tasks such as
modeling the physics of the big bang. Manfra, in fact, is part of
Microsoft’s global effort to build quantum computers based on to-
pological qubits. There are other, arguably easier approaches.
Google and IBM, for example, are pursuing quantum computers
based on wires supercooled to become semiconductors or ionized
atoms in a vacuum chamber trapped by lasers. The problem with
those approaches is that they are more sensitive to environmental
perturbations than topological qubits, especially as the number of
qubits grows.

Topological qubits could therefore herald a revolution in our
ability to manipulate tiny things. There is, however, one significant
problem: they do not yet exist. Researchers are struggling to con-
struct them out of an object called a Majorana particle. Hypothe-
sized by Ettore Majorana in 1937, this particle is its own anti-
particle. An electron and its antiparticle, a positron, have identical
properties except for charge, but the charge of the Majorana parti-
cle would be zero.

Scientists believe that certain configurations of electrons and
holes (absences of electrons) can behave like Majorana particles.
These, in turn, may one day be used as topological qubits. In 2012
physicist Leo Kouwenhoven of Delft University of Technology in
the Netherlands and his colleagues measured what seemed to be
Majorana particles in a network of superconducting and semicon-
ducting nanowires. Still, argues Sankar Das Sarma of the Con-
densed Matter Theory Center at the University of Maryland, Col-
lege Park, the only way to actually prove that these quasiparticles
exist would be to build a topological qubit out of them.

Other experts in the field are optimistic, however. “I think
without any question, eventually somebody will make a topologi-
cal qubit, just because it’s interesting to do, and they’ll figure out
how to do it,” says Steve Simon, a condensed matter theorist at the
University of Oxford. “The big question is, Is this the way were go-
ing to build a quantum computer in the future?”

Quantum computers—along with high-temperature super-
conductors and unbreakable quantum encryption—may be years
away, or they may never be achieved. But in the meantime, re-
searchers will continue to struggle toward mastery of nature at the
smallest scales. Scientists do not yet know how low they can go.
They have gone surprisingly far, but the further down they get, the
more nature pushes back.

Neil Savage is a science journalist in Lowell, Mass.
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How Much
Can We Know?

The reach of the scientific method
is constrained by the limitations

of our tools and the intrinsic
impenetrability of some of nature’s
deepest questions

By Marcelo Gleiser

“What we observe is not nature in itself
but nature exposed to our method of
questioning,” wrote German physicist
Werner Heisenberg, who was the first
to fathom the uncertainty inherent in
quantum physics. To those who think
of science as a direct path to the truth
about the world, this quote must be
surprising, perhaps even upsetting.

Is Heisenberg saying that our scientific
theories are contingent on us as ob-
servers? If he is, and we take him
seriously, does this mean that what

we call scientific truth is nothing but

a big illusion?

People will quickly counterstrike
with something like: Why do airplanes
fly or antibiotics work? Why are we
able to build machines that process
information with such amazing effi-
ciency? Surely, such inventions and
so many others are based on laws of
nature that function independently of us.
There is order in the universe, and
science gradually uncovers this order.

No question about it: There is order
in the universe, and much of science is
about finding patterns of behavior—from
quarks to mammals to galaxies—that
we translate into general laws. We strip
away unnecessary complications and
focus on what is essential, the core
properties of the system we are study-
ing. We then build a descriptive narrative
of how the system behaves, which, in
the best cases, is also predictive.

Often overlooked in the excitement
of research is that the methodology
of science requires interaction with the
system we are studying. We observe
its behavior, measure its properties,
and build mathematical or conceptual
models to understand it better. And to
do this, we need tools that extend into
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realms beyond our sensorial reach:
the very small, the very fast, the very
distant and the virtually inaccessible,
such as what is inside the brain or
buried in the earth’s core. What we
observe is not nature itself but nature
as discerned through data we collect
from machines. In consequence, the
scientific worldview depends on the
information we can acquire through
our instruments. And given that our
tools are limited, our view of the world
is necessarily myopic. We can see only
so far into the nature of things, and our
ever shifting scientific worldview reflects
this fundamental limitation on how we
perceive reality.

Just think of biology before and after
the microscope or gene sequencing,
or of astronomy before and after the
telescope, or of particle physics before
and after colliders or fast electronics.
Now, as in the 17th century, the theories
we build and the worldviews we con-

struct change as our tools of exploration
transform. This trend is the trademark
of science.

Sometimes people take this state-
ment about the limitation of scientific
knowledge as being defeatist: “If we
can't get to the bottom of things, why
bother?” This kind of response is mis-
placed. There is nothing defeatist in
understanding the limitations of the
scientific approach to knowledge.
Science remains our best methodology
to build consensus about the workings
of nature. What should change is a
sense of scientific triumphalism—
the belief that no question is beyond
the reach of scientific discourse.

There are clear unknowables in
science—reasonable questions that,
unless currently accepted laws of nature
are violated, we cannot find answers to.
One example is the multiverse: the con-
jecture that our universe is but one
among a multitude of others, each

potentially with a different set of laws
of nature. Other universes lie outside
our causal horizon, meaning that we
cannot receive or send signals to
them. Any evidence for their exis-
tence would be circumstantial: for
example, scars in the radiation per-
meating space because of a past
collision with a neighboring universe.
Other examples of unknowables
can be conflated into three questions
about origins: of the universe, of
life and of the mind. Scientific ac-
counts of the origin of the universe
are incomplete because they must
rely on a conceptual framework to
even begin to work: energy conserva-
tion, relativity, quantum physics, for
instance. Why does the universe oper-
ate under these laws and not others?
Similarly, unless we can prove that
only one or very few biochemical
pathways exist from nonlife to life, we
cannot know for sure how life origi-
nated on Earth. For consciousness,
the problem is the jump from the
material to the subjective—for exam-
ple, from firing neurons to the experi-
ence of pain or the color red. Perhaps
some kind of rudimentary conscious-
ness could emerge in a sufficiently
complex machine. But how could
we tell? How do we establish—as
opposed to conjecture—that some-
thing is conscious?
Paradoxically, it is through our
consciousness that we make sense
of the world, even if only imperfectly.
Can we fully understand something
of which we are a part? Like the mythic
snake that bites its own tail, we are
stuck within a circle that begins and
ends with our lived experience of the
world. We cannot detach our descrip-
tions of reality from how we experience
reality. This is the playing field where
the game of science unfolds, and if we
play by the rules we can see only so
much of what lies beyond.
Marcelo Gleiser is Appleton Professor
of Natural Philosophy and a professor
of physics and astronomy at Dartmouth
College, where he directs the Institute for
Cross-Disciplinary Engagement. He has
authored several books, including The Island
of Knowledge: The Limits of Science and
the Search for Meaning (2014).
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