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Errors
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with error correctioncan be performed, you need many
physical qubits.

Not Just Qubits

Quantum computers will need more than just a lot of qubits.

How many?

The machines will also have to have a low error rate.

Alan AspuruGuzikof Harvard University estimates that
around 10,000. If the qubits get much better, he said, this
number could come down to a few thousand or even
hundreds.

JensEisertof the Free University of Berlin is less pessimistic,
saying that on the order of 800 physical qubits might already
be enough.

GilKalaiof the Hebrew University of Jerusalem in Israel: |
think that the effort required to obtain a low enough error
level for any implementation of universal quantum circuits

Increases exponentially with the number of qubits, and thus,

guantum computers are not possible
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COMPUTING POWER
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LOW ERROR RATE
A quanftum processor with few errors
will show an exponential increase

in power with additionall qubiTs.\
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NUMBER OF QUBITS



Three little pigs builéheysesguantum computers

A DECOHERENCE

A UNITARY ERRORS

topologically protected qubit
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Before quantum theory

James Clerk Maxwell
Waves

Particl es

Isaac Newton



Quantum theory replaced dualistic view with a unified one
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wave-particle
duality . | am
& innocent.

identity cards ? AN

A oguarticlee cannot be associated with a
definite locationin space Instead,the possible
resultsof measuringits position are givenby a
probability distribution. Andthat distribution is
given as the squareof a spacefilling field, its
so-calledwavefunction.




For collections of identicguarticles a new dualism appears.

Bose—Einstein
Condenstate

Enrico Fermi

Cold bosons Cold fermions

guantum statistics




Quantum statistics reflects the topology @fiarticletrajectories:

Probabillity for a process is the square of the amplitude of its wave function.

Path integral ¢ a functional integral over an
Infinity of quantummechanically possible
trajectories allows one to compute a quantum
amplitudefor a quarticlemovingfrom point A at
sometime t, to point Bat someother time t,.



