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Charge Qubit
Two-level system

Harmonic oscillator → Resonator
Two-level system → Cooper-pair box
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Charge Qubit
Resonator
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Charge Qubit
Cooper pair box

𝐸 = 𝐸𝑐 N² 𝐸 = 𝐸𝑐 (N + 1)²
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=> Necessity of a Josephson Junction
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Charge Qubit
Josephson Junction

=> Tunelling though the insulator due to Josephson effect
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Charge Qubit
Cooper-pair box

4𝐻 = 𝐸𝑐. 4𝑁 − 𝐸9. cos( =𝜙)
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Charge Qubit
Cooper-pair box
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Charge Qubit
Energy levels of the system

4𝐻 = 𝐸𝑐. ( 4𝑁 − 𝑁𝑔) − 𝐸9. cos( =𝜙)

Affected by random charges in the system
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Superconducting Qubit

Larger capacitor

→Reduced sensitivity to charge noise
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Superconducting circuit QED
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Hamiltonian
Hamiltonian equation

𝑯𝑹𝒂𝒃𝒊 = 𝝎 𝒂$𝒂 +
𝟏
𝟐
𝜴𝝈𝒁 + 𝒈 𝒂$ + 𝒂 𝝈$ + 𝝈O + 𝑯𝜿 + 𝑯𝜸

Resonator

Resonator-Qubit coupling

Energy loss

Two-level system (Qubit)

ω : resonator frequency
Ω : two-level system frequency
g : resonator-qubit coupling strengh
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Dispersive Hamiltonian

Dispersive limit : 
g<<|Ω-ω|
+ : Lifetime enhancement

𝑯𝑫𝒊𝒔𝒑 =
𝟏
𝟐𝜴𝝈

𝒁 +
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𝟐𝜟𝝈
𝒁 + 𝝎 +

𝒈𝟐

𝜟 𝝈𝒁 𝒂$𝒂

Strong measurement :
g>>κ
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Qubit read-out
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Qubit-Readout
Form of the transmission

Fabry Perot Interferometer

𝑇𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛 ∝
1

1 − 𝑟] 𝑒^_` ]

=> Lorentzian
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Qubit read-out

𝑯𝑫𝒊𝒔𝒑 =
𝟏
𝟐𝜴𝝈

𝒁 +
𝒈𝟐

𝟐𝜟𝝈
𝒁 + 𝝎 +

𝒈𝟐

𝜟 𝝈𝒁 𝒂$𝒂

Cavity frequency shift

=> state readout by 
measurement of transmission

𝜎f = 1 0
0 −1
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Conclusions and Perspectives

What has been achieved :

• Understanding QED Systems

• Searching the Hamiltonian and 
use it to understand the qubit 
read-out

Possibility to continue this internship on :

• Multiple Qubit in the QED System

• Weak measurement



Thank you for listening

Do you have any questions ?


