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Outline 
1. Mesoscopic condensed-matter qubits

``Single-particle’’ physics and qubits
- Coulomb-blockade phenomena
- Cooper-pair and atomic qubits
- Electron (quantum dot) and FQHE quasiparticle
(anti-dot) qubits

Generic superconductor (flux, charge-flux,  
``phase’’) qubits

2. Decoherence in mesoscopic qubits
3. Quantum measurements and mesoscopic detectors 
4. Topological quantum computation



Coulomb-blockade phenomena

Mesoscopic conductor:
d ~ 0.1 – 1.0 µm >> a, λTF
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Estimates:  



R.A. Millikan, Phys. Rev. (Ser. I)
32, 349 (1911).



Tunneling
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Single junction

D.V.A. and K.K. Likharev, J. Low   
Temp.Phys. 62, 345 (1986).

Coulomb blockade
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Coulomb blockade in a single junction

W. Zheng et al., Sol. St. Comm. 108, 839 (1998).
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Single junction

D.V.A. and K.K. Likharev, 
J. Low Temp. Phys. 62, 345 (1986).

Coulomb blockade
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SET oscillations

./ eIf =
⇒<< CeRC 2// 2h

charge decay rate
1/RC leads to quantum 
uncertainty
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Single-electron box
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P.Lafarge et al., Phys. Rev. Lett. 70, 994 (1993).



SET transistor

D.V.A. and K.K. Likharev, J. Low 
Temp. Phys. 62, 345 (1986). 
T.A. Fulton and G.J. Dolan, Phys. 
Rev. Lett. 59, 109 (1987). 
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S. Tans et al., Nature 386, 474 (1997).



Periodic conductance oscillations

S. Tarucha et al., Phys. Rev. Lett. 
77, 3613 (1996).S. Tans et al., Nature 386, 474 (1997).

M.A. Kastner, Rev. Mod. Phys. 64, 849 (1992).



Periodic conductance oscillations (2)

V.J. Goldman et al.,
Phys. Rev. B  64,  
085319 (2001).



Periodic conductance oscillations (3)

Calculation of the line-shape of the peaks
(a) balance  equation:
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(b) dc current through the level:

./)1(/][

/][)1(
)(

2
)(

1
/)(

1
)(

2
)(

2
)(

1

)()(
1

)()(
1

)(
1

)(
1

Σ
−

Σ

Σ

ΓΓΓ−=ΓΓΓ−ΓΓ=

=ΓΓΓ−ΓΓ=Γ−−Γ=
outinTeVoutinoutin

inoutoutinoutin

e

ppI

(c) conductance:
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Periodic conductance oscillations (4)

Results:
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Cotunneling

S. De Franceschi et al., Phys. Rev. Lett. 86, 878 (2001).



Single junction

D.V.A. and K.K. Likharev, 
J. Low Temp. Phys. 62, 345 (1986).

Coulomb blockade
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charge decay rate
1/RC leads to quantum 
uncertainty
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SET oscillations

J. Bylander et al., Nature 434, 361 (2005).



Cooper-pair tunneling

Classical  Josephson dynamics: 

Quantization: 
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For tunnel junction; energies smaller 
than the superconducting gap ∆, 
Cooper-pair tunneling is distinguished 
from the quasiparticle tunneling
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Single junction

D.V.A., A.B. Zorin, and K.K. Likharev, 
Sov. Phys. JETP 61, 407 (1985).

Bloch oscillations .2/ eIf =

.2)2(

),11(2)(
2

2

CeE

nnnnEqnEH

C

JC

=

±+±−−=

.),(2 IdtqqneQ ∫=−=

−0.5 −0.3 −0.1 0.1 0.3 0.5
q=VgC/2e

−1

0

1

2

ε 0/
E

J

EC/EJ= 10

6

3

1

0.5

(a)

0.0 0.2 0.4 0.6 0.8 1.0
q

0.0

0.5

1.0

<
n>

(b)



M. Watanabe and D.B. Haviland,
PRB 67, 094505 (2003).



Cooper-pair box
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M. Buttiker, PRB 36, 3548 (1987).              P. Lafarge et al., PRL 70, 994 (1993).



Cooper-pair box as charge qubit
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Y. Nakamura et al.,
Nature 398, 786 (1999).


