Understanding
Quantum Noise

1//// /‘ ‘
l\, Yf\

Guide To Superconducting Qubits V"f." Ty 1k § u//u‘\\
Appl. Phys. Rev. 6, 021318 (2019) '

Based on : A Quantum Engineer's

Prepared by: Albaraa Shafi




Qubits and Hamiltonians
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Qubits and Hamiltonians i
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Open Quantum Systems




Open Quantum Systems
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Modeling Noise: Bloch-Redfield Model

Pistol Solution

* Assumptions:
e 2 |level System
* Weak system-bath coupling
* Short correlation time

e Upside: Dissipation rates acquired from experiments.

* Downside: Can lead to unphysical density matrices outside the

assumption. d >
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Modeling Noise: Bloch-Redfield Model

Closed System Open System
2 * 2 o % iS5 -
o™ op 1+ (Jof* = 1)e Tt opedete T2t
* 2 —1 — 2 —
o ﬁ Iﬁ‘ Ot*ﬁf.’ idt ,—Izt Iﬁ‘ e Tt
(a) Bloch sphere (b) Longitudinal relaxation (c) Pure dephasing (d) Transverse relaxation
o A~ | ongitudinal e
ﬁ (Longitudinal) V4 ﬁ nélsa Z
0 0 0
I T N S L . e 119 _Lb
y s Excitation / ‘O, Relaxation Dephasing 8/ Decoherence 4@/ W
y A 5t 1 ', 4 :
- o |

,  Transverse
4 noise

XY
(Transverse)

S

o [ Transverse ), S
1) noise 1)




Types Of NOISE & o sec R
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Discussion Points

* Is qubit representation best for superconducting qubits? Or do we
need to consider higher states?

* What is the more relevant decay quantity, T1 or T2? If T2, do we
represent with T2* or T2E?

* How to differentiate between different types of stochastic noise?
What experiments can be done to isolate different noise sources?

* What are the best ways to tackle quantum noise? Design?
Fabrication? Control? Postprocessing?



Superconducting Qubits
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