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What are Qbit Systems?

A very abbreviated description
® 0

» Simplest system: Two basis states of each component

[T, 1)

* General state: Complex superposition of basis states
‘W>=CT‘ T)"‘CH L)
» Many body states: Need exponentially many ¢; ;-

Q@ 1
Classical Bit Qubit

 Task: (Efficient) description for general quantum many-body states
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What are Qbit Systems? (continued)

@ 0
* General state: Complex superposition of basis states
W= ) ¢4l
pe{1!...} Q@ 1

* Interested in: Measurement outcomes

Classical Bit Qubit
) EXampleZ Z_magnetlsathn This looks like an expectation value

mo=(wloly) e Y ey ol d)f= Y p0) f00
} X
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* For certain types of quantum states this can be expressed as probabilistic
expectation values:
m, = <fm(x)>p(x)
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So far we learned:

* Quantum many-body states require exponentially many complex numbers
* Some can be translated into a probability distribution p(x)
» Expectation values can be calculated from p(x)

» Assuming {¢;, } < p(x) and o, © f(x) translations are given: Need to sample p(x)
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Neuromorphic Sampling

Stochastic spiking neurons

Boltzmann distribution: 1
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Neuromorphic Sampling

Stochastic spiking neurons
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Neuromorphic Sampling
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* Layered network * Iterative host-based training

» visible layer represents p(x) » calculate gradients based on sampled p(x)

* hidden layer forms p(x) * 30 Hz experiment rate

[Czischek et al., 2022;
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Bell States

Measurement setup
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Fidelity

More General Quantum States

Generalised Bell-states

Training process
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Why even bother?

[t’s fun!

* Different fields: Different way of thinking = opportunity to learn

» Stress-test for BrainScaleS = opportunity to improve L0
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