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Motivation
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Simulating Logic

Landauer’s principle

[rreversible bit operation = energy dissipation

E > kgT'ln?2




Simulating Logic
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Simulating Logic

1110)

1101)
1100)

011)  , AW
1010) (& '

1001) e
1000) W

Half-Adder classical fidelity: 60.6%
Equivalent two-qubit fidelity: 95.5%



Simulating Logic
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Limitations of Quantum Control
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Quantum Speed Limits

« Mandelstam and Tamm:

AH At > h6

* Margolus and Levitin:

(H — E,) At > ho

Fast operations need more energy



Limitations of Quantum Control

* Cavity system: a QHO drive and logical qubit

* Interacting via the Jaynes-Cummings (JC) Hamiltonian

H = ihg (b¢" - b'¢)




Energy and Fidelity in Driven QS

* As in Quantum Speed Limits, we also want to control (H) and AH, so we pick a
binomial distribution state for the drive
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Limitations of Quantum Control

Proposition 1

* Pr = Wyrive| P () (Y ()] Crr
» We can quantify the error by the purity 90 Dlock sMes
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* The average error grows as A K
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Energy and Fidelity in Driven QS

Proposition 2

* Now, suppose we want to rotate the qubit by Ernenag
@ in its Hilbert space

* In the JC case, have

AH~ (H) ~ hg\/%,
* The QSLs imply that
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Energy and Fidelity in Driven QS

Cror Crenoyug
BLock <Pwere
\ CONTRACTS Wi\ TG
Mivamunna  snkeaaach ens nenox 1
Ao $o Quamlom Spaed Ll ; ~
<H drive>

I ——

Gote ¥wme

* Therefore, the energy-fidelity trade-off is seen as a balance between
1. Depolarising-like noise that grows with time; and

2.  Minimum gate time due to a Quantum Speed Limit



Limitations of Quantum Control

Channel eigenerror, €

Avg. number of photons in drive, n



Energy and Fidelity in Driven QS
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Efficient cooling of

Trapped Electrons




Efficient cooling of trapped electrons
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Efficient cooling of trapped electrons
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Efficient cooling of trapped electrons




Efficient cooling of trapped electrons

Interaction picture
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Motion occupancy (a'a)

Efficient cooling of trapped electrons
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Other things



Other things

FIG. 1. Characterization of n-th order Bargmann invariants,
illustrated here for n = 5, with the complex unit circle as ret-
erence. a) The range of values that pure Bargmann invariants
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Other things

0 Generate Labeled
Image Dataset

"

Polyp

No Polyp

-

Auto-encoder Pass

?(Dimensionality Reduction)

4

Classical Optimization

1. Compare outputs with labels using cost function
2. Compute new parameters 5, ) to minimize cost function
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New Parameters
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a) FRQI / Feature encoding, |v)

Create New Quantum Neural Network

b) Variational Ansatz, U 3

c) Observable
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Other things

v

~

‘ ’ ’ @» - HINBRA
I COoLLLCAIN L LT T (DL
-’ -

QuantumilLab@UC ‘

QO PRI ¥ [ 505k o<



Bottom line




