ON THE VERGE OF THE
QUANTUM REVOLUTION

How Chalmers’ quantum computer works
Contact
Guide for
microwaves

Quantum technology is based on controlling and manipulating individual quantum systems, such as
single atoms and photons. Extremely fast quantum computers, intercept-proof communication,
and hypersensitive measuring instruments are in sight.
Central quantum phenomena
used in quantum technology:
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SUPERPOSITION
If an electron were on skis, it would be
absolutely normal for it to go around
both sides of a tree. In the world of
quantum physics, particles can be
simultaneously both here and there,
have different energies, polarisations,
and more. Such composite states are
called superpositions.

Chalmers’ quantum computer is based
on superconducting circuits, something
which Chalmers researchers have
extensive experience of working with.

Qubit

The qubit is a lossless resonant circuit, which is activated
by injecting a microwave pulse. Value 0 = no oscillating
energy in the circuit, 1 = oscillating energy corresponding to
a microwave photon. By designing the microwave pulse, the
qubit can be set to any desired superposition of 0 and 1.
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The superconducting qubits, and
microwave guides, are printed
directly onto a circuit board using
photo- and electron beam lithography.
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The superconducting
circuits are placed in a
cryostat, an advanced
cooling unit in which
the temperature is only
0.015 degrees above
absolute zero. In here,
the circuits conduct
electricity without
losses and thermal
disturbances are
almost non-existent.
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ENTANGLEMENT
A superposition can extend between several
particles. The link remains even if they are geographically separated – a manipulation of one particle
affects the other one immediately. Einstein was
sceptical, calling it ”spooky action at a distance”,
but experiments have proved it.

In the Josephson junction, the current
passes, without resistance, a thin
insulating layer. This affects the resonance
frequency of the circuit, and prevents
the qubit from absorbing more than one
microwave photon.
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Quantum computers
There is still no quantum computer that can surpass a regular
computer, but many are working on it. The most promising 		
techniques are ion traps and superconducting circuits.
SQUEEZED STATES

0 AND 1 AT THE SAME TIME

In the world of quantum physics, there is a limit to
how accurately you can simultaneously know linked
variables, such as frequency and time, for an object.
By manipulating the object into a so-called squeezed state, one can have the uncertainty to primarily
affect just one of the variables.

The basic information unit in a regular
computer is the bit, which can take the
value 0 or 1.
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Thanks to superposition, the so-called
qubits of the quantum computer can take
the values 0 and 1 at the same time.
Therefore, a quantum computer can
calculate many possibilities at the same
time, while a regular computer calculates
just one thing at a time.

WHAT IS A QUANTUM
COMPUTER GOOD AT?
50–60 qubits are needed to surpass
today’s supercomputers. The quantum
computer is particularly suitable for
solving problems that involve a large
number of possibilities, such as
optimisation problems in machine
learning, and calculation of properties
of large molecules.

Quantum communication

Quantum sensing

By transferring encryption keys with single photons,
it is possible to create completely intercept-proof
communication. This can already be done today
through unbroken optical fibres. But, in order to
ensure the security of the future communication
system, a global quantum network which can transmit
encryption keys between many different points needs
to be developed. In such a network, the phenomenon
of entanglement would play a key role.

By using individual particles as sensors, the
measurement ability is pushed to completely new
levels. Squeezed states make it possible to further 		
increase the accuracy, or make measurements
immune to certain noise. The vision is that quantum
sensors will make major contributions in, among other
things, studying different processes within the body
and making geological measurements.
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