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Introduction
Cooper-pair box and the Josephson
charge qubit
Noise and decohernce. The qubit as a 
spectrometer of the enviromental noise
Measurements of the qubit relaxaton
Low frequency 1/f-noise and high 
frequency f-quantum noise



Classical and Quantum Computers

c0 |110100…01〉 + c1 |010101…10〉 + …

Classical bit:  0 or 1

Quantum bit:  α|0〉 + β|1〉

110100…01

Quantum parallelism:
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Experimental challenge:
couple qubits to each other, control, & measure
not noise and dissipation
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a set of quantum bits

Multi-qubit Integrated Circuit



Requirements for quantum computing
•Scalable qubits

• Initialization
•preparation of      state 

•Universal quantum gate
•one-qubit gate and two-qubit gate

•Readout : projective measurement
• ⇒ 0 with probability      

1 with probability 

• Long decoherence time
•much longer than gate operation time

DiVincenzo

: threshold for applicability of quantum error correction
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Cooper pair box
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Charging energy (for Cooper pair):

E

Reservoir

BoxCb
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Degeneracy

>> kT
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Charging energy (for Cooper pair):

Josephson energy: EJ
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The Hamiltonian
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Time evolution
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Cooper-pair box
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Qubit manipulation ⇒ Ensemble averaging 

Measurement of results of each 
quantum state manipulation 

Single-shot measurements

Quantum bit ⇒ Classical bit ⇒ Readout



Cooper pair oscillations
Quasiparticle tanneling (when the trap is biased by 2Δ/e)
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• Measurement circuit is electrostatically
decoupled from the qubit

• After reading out the final states,
coherent state manipulation is completed



Readout with control π-pulses
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Two-level system
TLS

Environment
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Charge noise
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Pure Dephasing
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Free induction decay
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Dephasing at magic (degeneracy) point
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Echo
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Free-induction decay

time

gate
voltage

0 200 400 600
0

2

4

6

8

I (
pA

)
td (ps)

T2 = 180 ps

0 200 400 600 800 1000

I (
pA

/d
iv

)

td (ps)

T2 = 130 ps



Decay of echo signal
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Noise in Ramsei interference
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Noise in Echo experiments
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Transitions 
(relaxation, excitation)

Transition amplitude over time t: 
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Quantum noise 

Relaxation rate (Fermi Golden Rule): 
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Quantum noise 

Relaxation rate (Fermi Golden Rule): 
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Quantum noise 

Relaxation rate (Fermi Golden Rule): 
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Quantum noise 

Relaxation rate (Fermi Golden Rule): 
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Ohmic environment at finite temperature 
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Qubit relaxation due to wiring and readout
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• Noise of readout current 
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Quantum f-noise: Classical 1/f-noise:
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Conclusion

The qubit is a spectrometer of 
environmental noise
Dephasing of the charge qubit is caused 
by charge fluctautors
Energy relaxation caused by ohmic-like 
environment with f quantum noise
Crossover of low frequency 1/f and high 
frequency f noises is kT/h
T2 dependence of the 1/f noise is observed
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