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Measurements

(projections)

Unitary kicks

(“bang bang”)

Continuous coupling

(continuous measurement)



Z1

1

2

21

1

000
00
00

00
0

00
HH =

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛
Ω

Ω
→

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

Ω
ΩΩ

Ω
=

Projections

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛
=

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛
=

100
000
000

;
000
010
001

21 PP

Zeno limit )( ∞→N
⇑



Z
1

1

2

21

1

0000
0000
000
000

0000
000
00
000

HH =

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛
Ω

Ω

→

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

Ω
ΩΩ

Ω

=

Kicks

Zeno limit )( ∞→N
⇑

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

−
−

−
−

=

22

22

1

1

kick 

cossin00
sincos00
00)exp(0
000)exp(

λλ
λλ

λ
λ

i
i

i
i

U

Itano, Heinzen, Bollinger, Wineland (1990)
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Superselection rule

In the same sense as Wick, Wightman and Wigner
(Sudarshan’s comment)
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Unitary kicksUnitary kicks

Viola, Knill, Lloyd, PRL (1999)
Byrd, Lidar, Quant. Inf. Proc. (2002)
Facchi, Tasaki, Pascazio, Nakazato, Lidar, PRA (2005) 
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Identical to quantum maps in 
quantum chaos

Casati, Chirikov, Ford and Izrailev (1979)
Berry and Balazs (1979)



Continuous couplingContinuous coupling

Facchi and Pascazio, Phys. Rev. Lett. 89, 080401(2002)
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Comparison
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Coupling

or N

Dynamical Dynamical superselectionsuperselection sectorssectors



Objective: understand and suppress decoherence
Palma, Suominen and Ekert (1996)
Duan and Guo (1997)
Zanardi and Rasetti (1997)
Lidar, Chuang and Whaley (1998)
Viola, Knill and Lloyd (1999)
Vitali and Tombesi (1999, 2001)
Beige, Braun, Tregenna and Knight (2000)
…

Facchi, Lidar and Pascazio (2003)
Facchi, Tasaki, Pascazio, Nakazato, 
Tokuse, Lidar (2005)

Benenti, Casati, Montangero, Shepelyansky (2001)

Vitali, Tombesi, Milburn (1997, 1998)
Fortunato, Raimond, Tombesi, Vitali (1999)
Kofman, Kurizki (2001)
Agarwal, Scully, Walther (2001)

Calarco, Datta, Fedichev, Pazy, Zoller,
“Spin-based all-optical quantum computation with quantum 
dots: understanding and suppressing decoherence” (2003)

Falci, D’Arrigo, Mastellone, Paladino (2004)
Brion, Akulin, Comparat, Dumer, Harel, Kebaili, Kurizki, 
Mazets, Pillet (2004)
Zhang, Zhou, Yu, Guo (2004)

Original idea: exploit symmetries in order to halt decoherence
New perspective: increase coupling in order to inhibit decoherence



Main idea/issueMain idea/issue

coupling K
frequency N

Enhancement of 
decoherence

Control of
decoherence

suitable indicator
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The problem
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Framework
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System-bath interaction (Gardiner & Zoller)
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Polynomial and exponential case
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Form factors
κβ
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Dynamics
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Comparison
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Comparison 
(small times 1/N -- strong coupling K)
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Remarkable differences

)(
Z

eff ωκωτ
τ
τγ β∫=≅ 2 d

eff
8 β πγ κ
π τ
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( )Kβκπγ ≅eff

Zeno control 
(non-unitary)

“bang bang” control 
(kicks) (unitary)

control via 
continuous coupling

(unitary)

For unitary controls effγ feels the “tail” of the form factor



The quantum Zeno dynamicsThe quantum Zeno dynamics
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Is the Zeno dynamics unitary?

Answer: under general hypotheses YES

(Misra and Sudarshan 1977: semigroup)

Friedman 1972
Facchi, Gorini, Marmo, Pascazio, Sudarshan 2000
Facchi, Pascazio, Scardicchio, Schulman 2002
Exner, Ichinose 2003
Gustavson 2004  
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with perfectly reflecting
hard walls

Facchi, Pascazio, Scardicchio, Schulman 2002
Facchi, Marmo, Pascazio, Scardicchio, Sudarshan 2003  

…although there is NO wall!



EuroSQIP
European Superconducting

Quantum Information Processor
Coordinator:

Göran Wendin, Chalmers

high Q harmonic oscillator

RF,DC
flux

drives

SQUID
readout

flux
qubit

Delft qubit platform



EuroSQIP partners

1. Chalmers (Chalmers University of Technology, Sweden) (CO) 
2. CEA (SPEC, CEA-Saclay, France)
3. TUD (Delft University of Technology, The Netherlands)
4. PTB (Physikalisch-Technische Bundesanstalt, Germany)
5. CNRS (Grenoble & Toulouse, France)
6. SNS (Scuola Normale Superiore, Pisa, Italy)
7. UNIKARL (Universität Karlsruhe, Germany)
8. IPHT (Institut für Physikalische Hochtechnologie, Jena, Germany)
10. MATIS (INFM, Catania, Italy)
10. UBARI (University of Bari, Italy)
11. UNIBASEL (University of Basel, Switzerland)
12. INN (University of Innsbruck)
13. LMU (Ludwig-Maximilians-Universität, München)
14. LANDAU (Landau Institute for Theoretical Physics, Moscow)



Work Packages

WP.1 Quantum processors
WP.2 Readout of quantum information
WP.3 Interfaces and storage of quantum information
WP.4 Implementation of algorithms and protocols
WP.5 Systems integration and demonstration
WP.6 Training and dissemination
WP.7 Review and assessment 
WP.8 Project management



Flux qubits

high Q harmonic oscillator

oscosc oscosc oscosc oscosc

TU Delft: Photons in Josephson resonators
I. Chiorecu et al.. Nature 431, 159 (2004)

Yale: Photons in stripline resonators
A. Wallraff et al. Nature 431, 162 (2004)

Sideband physics

Use other frequency conversion techniques known 
from optics

Goal: Hardware integration with microwave/optical 
quantum communication

Photons typically coupled through guiding circuitry
Use microwave transmission lines / cascaded 
quantum oscillator systems for  transferring 
microwave photons
Use interface to Ion traps for accessing the 
optical world

Superconducting qubits can be entangled with microwave photons in 
transmission lines through high-Q cavities in all designs

Coupling between JJ qubits and photons 
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