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Josephson junction

S SI

𝐼 = 𝐼! sin𝜙

2𝑒𝑉 = ℏ
𝜕𝜙
𝜕𝑡

1st Josephson relation:

2nd Josephson relation:
Ψ" ∼ 𝑁"𝑒#$!

Ψ% ∼ 𝑁%𝑒#$"
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Josephson junction

S SI

Ψ" ∼ 𝑁"𝑒#$!
Ψ% ∼ 𝑁%𝑒#$"

𝑒#$, 𝑛 = 𝑒#$

𝜙, 𝑛 = 𝜙

𝚫𝝓𝚫𝑸 ≥ 𝒆
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Charge or Phase? 
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Josephson energy

Charging energy
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Phase qubit:

𝐻 = −𝐸𝑐
𝜕!

𝜕𝜙!
− 𝐸" cos𝜙 −

ℏ
2𝑒
𝐼𝜙

Flux qubit:

𝐻 = 𝐸#
Φ$

2𝜋

! 𝜕!

𝜕Φ! − 𝐸" cos 2𝜋
Φ
Φ$

+
1
𝐿
Φ −Φ$

!

Simple realization: Josephson junction at I = const  

𝐸" ≫ 𝐸# 𝐸" ≫ 𝐸#
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Charge qubit 𝐸" ≪ 𝐸#

𝐻 = 𝐸𝑐 𝑛 − 𝑛!
" 𝑛⟩⟨𝑛 −

1
2𝐸# 𝑛⟩⟨𝑛 + 1 − 𝑛 + 1⟩⟨𝑛
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Charge qubit 𝐸" ≪ 𝐸#

𝐻 = 𝐸𝑐 𝑛 − 𝑛!
" 𝑛⟩⟨𝑛 −

1
2𝐸# 𝑛⟩⟨𝑛 + 1 − 𝑛 + 1⟩⟨𝑛
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Kockum, A.F., Nori, F. (2019). Quantum Bits with Josephson Junctions. 

Charge qubit Phase qubitFlux qubit
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It is just a Cooper pair box but with a big shunted capacitance.  

𝐸" > 𝐸#
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Koch et al, PRA 2007

Anharmonicity vs dispersion of charge  11



Zeeman splitting

(dc Magnetic field)

Stark splitting

(dc Electrical field)

http://www.pas.rochester.edu/
Wikipedia/Stark effect

12DC effects



Two-level system + resonant ac E-field

𝐻 = 𝐻* + 𝐻#+(

𝐻 = ℏΩ* 𝑒 𝑒 +
ℏΩ,
2

|𝑔⟩⟨𝑒| + |𝑒⟩⟨𝑔|

Ω- Ω- + Ω, Ω- − Ω,Ω-

ℏ Ω. + Ω,/2

ℏ Ω. − Ω,/2

ℏ Ω/ + Ω,/2

ℏ Ω/ − Ω,/2

ℏΩ0

ℏΩ1

Two-level system

For small detuning!!AC Stark effect 13



AC Stark effect

Pump-probe experiment

Claude Cohen- Tannoudji,
Collège de France et Laboratoire Kastler Brossel
de l'Ecole Normale Supérieure*

𝜹 = 𝝎𝑳 −𝝎𝟎
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AC Stark effect

Pump-probe experiment

Claude Cohen- Tannoudji,
Collège de France et Laboratoire Kastler Brossel
de l'Ecole Normale Supérieure*
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The dc-SQUID setup

𝐸" = 𝐸",&'( cos 𝜋
Φ
Φ$

𝜔 = 𝜔 Φ)(*
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The paper 16



The dc-SQUID setup

𝐸" = 𝐸",&'( cos 𝜋
Φ
Φ$

𝜔 = 𝜔 Φ)(*

𝝎𝟐 𝑰

𝝎𝟏 𝑰
21
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From the simulationsFrom the experiment

Two-tone spectroscopy

Qubit-Qubit

Qubit-LightQubit-Light

Qubit-Light
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Different driving
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Summary

§ Basics in Superconducting qubits

§ Autler-Townes effect - Light dressing 

§ Two qubit system + classical/quantized light



Thank you for your attention!





SQUIDs


