Innsbruck, Feb 2005

Dissemination of results

All information is at www.quantware.ups-tlse.fr/EDIQIP During second year 2004:

- 33 papers published and submitted including: → first highlight paper of Eur. Phys. J. D → 1 book on QIPC (published) → 2 PhD these in QIPC field with participation of EDIQIP members - 33 talks and posters on international conferences in EU, USA, Japan, Korea, Mexico and Belarus

Organization of conferences:

- Enrico Fermi summer school on QIPC, Varenna, 5 - 15 July, 2005 (directors: G.Casati, D.Shepelyansky, P.Zoller) - Institut Henri Poincare, QIPC trimestre, Paris, 4 Jan - 7 April 2006 (directors: Ph.Grangier, M.Santha, D.Shepelyansky), www.quantware.ups-tlse.fr/IHP2006/ → QIPC Review Feb 2006 at IHP ?

http://www.quantware.ups-tlse.fr/EDIQIP/ IST-FET project EDIQIP

Toulouse node (UPS) Innsbruck, Feb 2005

EDIQIP research group at Toulouse

Quantware MIPS Center, Laboratoire de Physique Théorique UMR 5152 du CNRS, Université Paul Sabatier Toulouse, France www.quantware.ups-tlse.fr D.L. Shepelyansky (researcher CNRS, EDIQIP coordinator, node leader) B. Georgeot (researcher CNRS, key person) R.Fleckinger, K.Frahm, D.Braun (professors Univ. P.Sabatier) Jae-Weon Lee (postdoc of EC IST-FET project EDIQIP, now at KIAS, Seoul) Jose Lages (postdoc of EC IST-FET project EDIQIP, from Oct 2004) O.Giraud (postdoc CNRS, from Sept 2004) A.Pomeransky (PhD student of ARO/NSA/ARDA grant, now at INP, Russia) B.Lévi (PhD student of French government, now at MIT, Cory group) A.Chepelianskii (undergraduate) 16 papers in 2004, 2 PhD these

http://www.quantware.ups-tlse.fr/EDIQIP/ IST-FET project EDIQIP

Toulouse node (UPS) Innsbruck, Feb 2005

Fidelity decay due to errors

Accuracy measure of quantum computation is fidelity: f(t) = |<ψ(t)|ψ_ε(t)>|^2 .

Quantum algorithm: |ψ(t)> = U^t |ψ(0)> , U = U_{Ng} · . . . · U_1 | {z } elementary gates . Errors: U_j → U_j e^{iδH} , δH ∼ ε .

(i) Decoherence due to residual couplings of quantum computer to external bath:

δH random and different at each j and t, e.g.: random phase fluctuations: δϕ ∈ [−ε, ε] in phase-shift gates.

(ii) Static imperfections in the quantum computer itself:

δH (random but) constant at each j and t,

e.g.: δH =

nq−1X

j=0 δ_j σ^{(z)}_j + 2

nq−2X

j=0 J_j σ^{(x)}_j σ^{(x)}_{j+1} , J_j, δ_j ∈ [−ε, ε] .

(iii) Non-unitary errors in quantum computation:

e^{iδH} is non-unitary (δH ≠ δH^†, density matrix and quantum trajectories approach)

http://www.quantware.ups-tlse.fr/EDIQIP/ IST-FET project EDIQIP

Toulouse node (UPS) Innsbruck, Feb 2005

Quantum Hardware Melting Induced by Quantum Chaos

The quantum computer hardware is modeled as a (one)two-dimensional lattice of qubits (spin halves) with static fluctuations/imperfections in the individual qubit energies and residual short-range inter-qubit couplings. The model is described by the many-body Hamiltonian (B.Georgeot, D.S. PRE (2000)): Hs = ∑ i(Δ_0 + δ_i)σ^z_i + ∑ i<j J_{ij}σ^x_i σ^x_j ,

where the σ_i are the Pauli matrices for the qubit i, and Δ_0 is the average level

spacing for one qubit. The second sum runs over nearest-neighbor qubit pairs, and δ_i, J_{ij} are randomly and uniformly distributed in the intervals [−δ/2, δ/2] and [−J, J], respectively. Quantum chaos border for quantum hardware: J > J_c ≈ Δ_c ≈ 3δ/n_q ≫ Δ_n ∼ δ2^{−nq}

Emergency rate of quantum chaos: Γ ∼ J^2/Δ_c.

http://www.quantware.ups-tlse.fr/EDIQIP/ IST-FET project EDIQIP

Toulouse node (UPS) Innsbruck, Feb 2005

Quantum computer melting induced by interqubit couplings. Color represents the level of quantum eigenstate entropy S_q (red for maximum S_q ≈ 11, blue for minimum S_q = 0). Horizontal axis is the energy of the computer eigenstates counted from the ground state to the maximal energy (≈ 2n_qΔ_0). Vertical axis gives the value of J/Δ_0 (from 0 to 0.5). Here n_q = 12, J_c/Δ_0 = 0.273, and one random realization of couplings is chosen.

What are effects of quantum many-body chaos on the accuracy of quantum computations? Static imperfections vs. random errors in quantum gates of a quantum algorithm.

http://www.quantware.ups-tlse.fr/EDIQIP/ IST-FET project EDIQIP

Quantum chaos and random matrix theory for fidelity decay, Highlight: Eur. Phys. J. D 29, 139 (2004) Innsbruck, Feb 2005

Example: Quantum algorithm for quantum tent map

H(t) =

T p^2 2 + V (θ) ∞∑ n=−∞

δ(t − n) Classical map :

p_{n+1} = p_n − kV^′(θ_n) θ_{n+1} = θ_n + T p_{n+1}

Quantum map : p = −i∂/∂θ

|ψ(t + 1) >= U |ψ(t) > U = e^{−iT p2/2} e^{−ikV (θ)}

Quantum register with N = 2^{nq} states is used to store ψ

Quantum algorithm: map iteration is performed in n_g ≈ 9n^2_q/2 elementary quantum gates

http://www.quantware.ups-tlse.fr/EDIQIP/ Klaus M. Frahm, Robert Fleckinger, Dima L. Shepelyansky

Quantum chaos and random matrix theory for fidelity decay, Highlight: Eur. Phys. J. D 29, 139 (2004) Innsbruck, Feb 2005

Universal fidelity decay law in quantum chaos algorithms

Upper curve: with theoretical values:

t_H = 2^{nq} and t_c = 1/(ε^2 n_q n^2_g); (t̃_H ≈ t_H/3; t̃_c ≈ t_c)

Lower curve: − ln(f(t)) = t t̃_c + t^2 t̃_ct̃_H (fit values t̃_c and t̃_H)

http://www.quantware.ups-tlse.fr/EDIQIP/ Klaus M. Frahm, Robert Fleckinger, Dima L. Shepelyansky

Phase diagram for the Grover algorithm with static imperfections, Eur. Phys. J. D 31, 131 (2004) Innsbruck, Feb 2005

Phase diagram for the Grover algorithm with static imperfections

An unstructured database is presented by N = 2^{nq} states of quantum register with n_q qubits: {|x⟩}, x = 0, . . . , N − 1. The searched state |τ⟩ can be identified by oracle function g(x), defined as g(x) = 1 if x = τ and g(x) = 0 otherwise. The Grover iteration operator Ĝ is a product of two operators: Ĝ = D̂Ô. Here the oracle operator Ô = (−1)^{g(x̂)} is specific to the searched state |τ⟩, while the diffusion operator D̂ is independent of |τ⟩: D_{ii} = −1 +^2_N and D_{ij} =^2_N (i ≠ j). For the initial state |ψ_0⟩ =

P_{N−1} x=0 |x⟩/ √ N, t applications of the Grover operator Ĝ give:

|ψ(t)⟩ = Ĝ^t|ψ_0⟩ = sin ((t + 1/2)ω_G)|τ⟩ + cos ((t + 1/2)ω_G)|η⟩

where the Grover frequency ω_G = 2 arcsin( p 1/N) and |η⟩ =

P_{(0≤x<N)}

x≠τ |x⟩/ √ N − 1.

Hence, the ideal algorithm gives a rotation in the 2D plane (|τ⟩, |η⟩).

http://www.quantware.ups-tlse.fr/EDIQIP/ A. A. Pomeransky, O. V. Zhirov and D. L. Shepelyansky

Phase diagram for the Grover algorithm with static imperfections, Eur. Phys. J. D 31, 131 (2004) Innsbruck, Feb 2005

The implementation of the operator D through the elementary gates requires an ancilla qubit. As a result the Hilbert space becomes a sum of two subspaces {|x⟩} and {|x + N⟩}, which differ only by a value of (n_q + 1)-th qubit. These subspaces are invariant with respect to operators O and D: O = 1 − 2|τ⟩⟨τ| − 2|τ + N⟩⟨τ + N|, D = 1 − 2|ψ_0⟩⟨ψ_0| − 2|ψ_1⟩⟨ψ_1|, where |ψ_1⟩ =

P_{N−1} x=0 |x + N⟩/ √ N and |ψ_{0,1}⟩ correspond to up/down ancilla states. Then D can be represented as D = W RW (Grover (1997)), where the transformation W = W_{nq} . . . W_k . . . W_1 is composed from n_q one-qubit Hadamard gates W_k, and R is the n_q-controlled phase shift defined as R_{ij} = 0 if i ≠ j, R_{00} = 1 and R_{ii} = −1 if i ≠ 0 (i, j = 0, . . . , N − 1). In turn, this operator can be represented as R = W_{nq}σ^x_{nq−1} . . . σ^x_1 ∧_{nq} σ^x_{nq−1} . . . σ^x_1 W_{nq}, where ∧_{nq} is generalized n_q-qubit Toffolli gate, which inverts the n_q-th qubit if the first n_q − 1 qubits are in the state |1⟩. The construction of ∧_{nq} from 3-qubit Toffolli gates with the help of only one auxillary qubit is described by A.Barenco et al. (1995). As a result the Grover operator G is implemented through n_g = 12n_{tot} − 42 elementary gates including one-qubit rotations, control-NOT and Toffolli gates. Here n_{tot} = n_q + 1 is the total number of qubits.

http://www.quantware.ups-tlse.fr/EDIQIP/ A. A. Pomeransky, O. V. Zhirov and D. L. Shepelyansky

Phase diagram for the Grover algorithm with static imperfections, Eur. Phys. J. D 31, 131 (2004) Innsbruck, Feb 2005

Oscillations of the Grover search probability

Probability of searched state w_G(t) (top) and fidelity f(t) (bottom) as a function of the iteration step t in the Grover algorithm for n_{tot} = 12 qubits. Dotted curves show results for the ideal algorithm (ε = 0), dashed and solid curves correspond to imperfection strength ε = 4 · 10^{−4} and 10^{−3}, respectively.

A typical example of imperfection effects on the accuracy of the Grover algorithm for a fixed disorder realization of H_S on 3 × 4 qubit lattice.

http://www.quantware.ups-tlse.fr/EDIQIP/ A. A. Pomeransky, O. V. Zhirov and D. L. Shepelyansky

Phase diagram for the Grover algorithm with static imperfections, Eur. Phys. J. D 31, 131 (2004) Innsbruck, Feb 2005

Husimi function in the Grover algorithm

Evolution of the Husimi function in the Grover algorithm at times t = 0, 17, and 34 (from left to right), and for ε = 0, 0.001, and 0.008 (from top to bottom). The qubit lattice and disorder realization are the same as in previous Fig. The vertical axis shows the computational basis x = 0, . . . , 2N − 1, while the horizontal axis represents the conjugated momentum basis. Density is proportional to color changing from maximum (red) to zero (blue).

the probability is mainly distributed over four states corresponding to four straight lines in phase space: |τ_0⟩ = |τ⟩ ; |τ_1⟩ = |τ + N⟩ ; |η_0⟩ = |η⟩ ; |η_1⟩ =

P_{(0≤x<N)}

x≠τ |x + N⟩/ √ N − 1

http://www.quantware.ups-tlse.fr/EDIQIP/ A. A. Pomeransky, O. V. Zhirov and D. L. Shepelyansky

Phase diagram for the Grover algorithm with static imperfections, Eur. Phys. J. D 31, 131 (2004) Innsbruck, Feb 2005

Phase diagram for spectral density

Phase diagram for the spectral density S(ω) as a function of imperfection strength ε, n_{tot} = 12, same disorder realization as in previous Fig. Color is proportional to density S(ω) (yellow for maximum and blue for zero).

The transition rate induced by imperfections after one Grover iteration is given by the Fermi golden rule: Γ ∼ ε^2n^2_gn_{tot}, where n_{tot} appears due to random contribution of qubit couplings ε while n^2_g factor takes into account coherent accumulation of perturbation on n_g gates used in one iteration. In the Grover algorithm the four states are separated from all other states by energy gap ΔE ∼ 1 (sign change introduced by operators O and D). Thus these four states become mixed with all others for ε > ε_c ≈ 1.7/(n_g √ n_{tot}), when Γ > ΔE.

http://www.quantware.ups-tlse.fr/EDIQIP/ A. A. Pomeransky, O. V. Zhirov and D. L. Shepelyansky

Phase diagram for the Grover algorithm with static imperfections, Eur. Phys. J. D 31, 131 (2004) Innsbruck, Feb 2005

Theoretical estimates for the Grover algorithm (GA)

In the regime where the dynamics of Grover algorithm is dominated by four states subspace the single-kick model can be treated analytically. The matrix elements of the effective Hamiltonian in this space are

H_{eff} = 0 B @ A + a 0 −iω_G 0 0 A − a 0 −iω_G iω_G 0 B b 0 iω_G b B

1 C A , (1)

where A = −Rn_g

P_{nq}

i=1 a_i⟨τ|σ^{(z)}_i |τ⟩, B = Rn_g

P_{nq} i<j b_{i,j} − b, a = −Rn_ga_{nq+1} and b = Rn_g(b_{nq+1,nq+2−Lx} + b_{nq+1,Lx} + b_{nq,nq+1} + b_{nq+1−Lx,nq+1}) and qubits are arranged on L_x × L_y lattice, and numerated as i = x + L_x(y − 1), with x = 1, . . . , L_x, y = 1, . . . , L_y. In the limit of large n_q the terms a, b are small compared to A, B by a factor 1/√n_q and H_{eff} is reduced to 2 × 2 matrix, which gives w_G = 2ω^2_G/[(A − B)^2 + 4ω^2_G].

http://www.quantware.ups-tlse.fr/EDIQIP/ A. A. Pomeransky, O. V. Zhirov and D. L. Shepelyansky

Phase diagram for the Grover algorithm with static imperfections, Eur. Phys. J. D 31, 131 (2004) Innsbruck, Feb 2005

For large n_q the difference A − B has a Gaussian distribution with width σ = Rn_g p n_q/3 p α^2 + 2β^2 = εRn_g√n_q. The convolution of w_G with this distribution gives

w̄_G = q π/2(1 − erf( √ 2ω_G/σ)) exp (2ω^2_G/σ^2) ω_G/σ (2) This formula gives a good description of numerical data in Fig. c that confirms the validity of singlekick model. For σ ≫ ω_G and a typical disorder realization with (A−B) ∼ σ the actual frequency of Grover oscillations is strongly renormalized: ω ≈ (A − B) ∼ σ ≫ ω_G, and in agreement with previous Fig. ω ∼ ε/ε_c. In this typical case w_G ∼ ω^2_G/σ^2 ≪ 1 (almost total probability is in the states |η_0⟩,|η_1⟩). Hence, the total number of quantum operations N_{op}, required for detection of searched state |τ⟩, can be estimated as N_{op} ∼ N_M /ω ∼ σ/ω^2_G ∼ εN/ε_c, where N_M ∼ 1/w_G ∼ σ^2/ω^2_G is a number of measurements required for detection of searched state. Thus, in presence of strong static imperfections the parametric efficiency gain of the Grover algorithm compared to classical one is of the order ε_c/ε. For ε ∼ ω_G the efficiency is comparable with that of the ideal Grover algorithm while for ε ∼ ε_c there is no gain compared to the classical case.

http://www.quantware.ups-tlse.fr/EDIQIP/ A. A. Pomeransky, O. V. Zhirov and D. L. Shepelyansky

Quantum computation of a complex system: the kicked Harper model, Phys. Rev. E 70 (2004), 056218 Innsbruck, Feb 2005

Kicked Harper model

classical map: n̄ = n + K sin θ , θ̄ = θ − L sin n̄ quantization: ψ̄ = Ûψ = e^{−iL cos(h̄n̂)/h̄}e^{−iK cos(θ̂)/h̄}ψ ⇒ electrons in EM fields, stochastic heating of plasma

fractal spectrum “Hofstadter butterfly” for K,L small transition to chaos as K,L increases dynamical localization, similar to Anderson localization of electrons in solids transition to a partially delocalized regime, with coexistence of localized and delocalized states

⇒ Economical quantum algorithms? Total complexity (including measurements)? Effects of static imperfections?

fractal spectrum

localization in (K,L) space

http://www.quantware.ups-tlse.fr/EDIQIP/ B. Lévi and B. Georgeot

Quantum computation of a complex system: the kicked Harper model, Phys. Rev. E 70 (2004), 056218 Innsbruck, Feb 2005

Three possible algorithms

Exact algorithm: cosine built up on extra registers On N_H dimensional space: Several workspace registers and O(log N_H)^3 gates Time-slice algorithm:

Evolution operator is decomposed into succession of operators easy to implement. Approximate algorithm; for kicked Harper model on N_H dimensional space: Only one ancilla qubit and O(log N_H)^2 quantum gates

Chebychev polynomials algorithm:

Replace functions in the exponential by polynomial approximations. Numerical simulations → Chebyshev polynomial approximation of degree d = 6 gives very good approximation of the wave function. No ancilla qubit and O(log N_H)^d quantum gates

http://www.quantware.ups-tlse.fr/EDIQIP/ B. Lévi and B. Georgeot

Quantum computation of a complex system: the kicked Harper model, Phys. Rev. E 70 (2004), 056218 Innsbruck, Feb 2005

Quantum stochastic web

K, L very small ⇒ small chaotic layer surrounding large integrable islands “stochastic web” ⇒ quantum transport=diffusion through layer+tunneling (much faster than classical) Measuring diffusion constant: ⇒ Quantum gain (polynomial) Effect of static errors: t_h ≈ C_h/(εn^{1.23}_q ) Fig: K = L = 0.5; Left: exact, n_q = 15, 12, 9; Right: n_q = 15, ϵ = 10^{−6}, 10^{−5}, 10^{−4} (top/botom)

http://www.quantware.ups-tlse.fr/EDIQIP/ B. Lévi and B. Georgeot

Quantum computation of a complex system: the kicked Harper model, Phys. Rev. E 70 (2004), 056218 Innsbruck, Feb 2005

Localization properties

Measurable quantities:

In localized regime, localization length In partially delocalized regime, localization length, relative amplitude of plateau, quantum diffusion constant polynomial improvement for the quantum algorithm.

Effect of static imperfections: In localized regime, ε_c ≈ C_1/(n_g√n_q √ l) In partially delocalized regime, ε_c ≈ C_2/(n_g√n_q √ N) exponentially small: N = 2^{nq}!

transition point ∼ εn_g√n_qN (≠ Anderson transition) localized wave function

partial delocalization

http://www.quantware.ups-tlse.fr/EDIQIP/ B. Lévi and B. Georgeot

Quantum computation and analysis of Wigner and Husimi functions: toward a quantum image treatment, quant-ph/0412123 Innsbruck, Feb 2005

Quantum phase space distribution functions

Wigner function:

Real but can take negative values Two strategies: measurement of ancilla qubit (Miquel et al, Nature 2002), direct construction of W (p, q) on quantum registers (new) Result of numerical simulations for kicked rotator quantum map:

→ Small polynomial gain for direct measurements and amplitude amplification → Larger polynomial gain using quantum wavelet transform Gain is larger in chaotic regime

Husimi function:

Smoothing of Wigner function over cells of size h̄ ⇒ real nonnegative function Smoothing by a box (in p): Husimi-like distribution, easy to implement from |ψ > by partial quantum Fourier transform Result of numerical simulations for kicked rotator:

→ Small polynomial gain for direct measurements → At least quadratic gain with amplitude amplification → Quadratic gain using quantum wavelet transform

http://www.quantware.ups-tlse.fr/EDIQIP/ M. Terraneo, B. Georgeot and D. L. Shepelyansky

Quantum computation and analysis of Wigner and Husimi functions: toward a quantum image treatment, quant-ph/0412123 Innsbruck, Feb 2005

Standard images

Numerical simulations → wavelet transform is very efficient at compressing information for standard images (Figure: number of significant components for image and wavelet-transformed image)

Largest wavelet coefficients can be obtained in polynomial time for exponentially large images. Total gain depends on efficiency of encoding the image

Reconstruction of image from such largest wavelet coefficients leads to large loss of information

http://www.quantware.ups-tlse.fr/EDIQIP/ M. Terraneo, B. Georgeot and D. L. Shepelyansky

Publications 2004

Publications of EDIQIP in 2004

Scientific deliverables are marked by D4,D7,D8,D11,D12.

[1] A.A.Pomeransky and D.L.Shepelyansky, Quantum computation of the Anderson transition in the presence of imperfections, Phys. Rev. A 69, 014302 (2004) [quant-ph/0306203] (D11,D7).

[2] B.Georgeot and D.L.Shepelyansky, Les ordinateurs quantiques affrontent le chaos, (in French, Images de la Physique 2003-2004, CNRS Edition, pp. 17-23) [quant-ph/0307103] (D11).

[3] B.Georgeot, Quantum computing of Poincare recurrences and periodic orbits, Phys. Rev. A 69, 032301 (2004) [quant-ph/0307233] (D11).

[4] J.W.Lee, A.D.Chepelianskii and D.L.Shepelyansky, Treatment of sound on quantum computers, Proceedings of ERATO Conference on Quantum Information Science 2004, Tokyo, pp. 91-92 (2004); and Applications of quantum chaos to realistic quantum computations and sound treatment on quantum computers, in Noise and information in nanoelectronics, sensors, and standards II Proceedings of SPIE Eds. J.M.Smulko, Y.Blanter, M.I.Dykman, L.B.Kish, v.5472, pp.246-251 (2004) [quant-ph/0309018] (D11,D12).

[5] M.Terraneo and D.L.Shepelyansky, Dynamical localization and repeated measurements in a quantum computation process, Phys. Rev. Lett. 92, 037902 (2004) [quant-ph/0309192] (D4). [6] S.Bettelli, A quantitative model for the effective decoherence of a quantum computer with imperfect unitary operations, Phys. Rev. A 69, 042310 (2004) [quant-ph/0310152] (D4,D8).

[7] K.M.Frahm, R.Fleckinger and D.L.Shepelyansky, Quantum chaos and random matrix theory for fidelity decay in quantum computations with static imperfections, Eur. Phys. J. D 29, 139 (2004) [highlight paper of

http://www.quantware.ups-tlse.fr/EDIQIP/ IST-FET project EDIQIP

Publications 2004

the issue] [quant-ph/0312120] (D4,D7,D8,D12).

[8] A.Stotland, A.A.Pomeransky, E.Bachmat and D.Cohen, The information entropy of quantum mechanical states, Europhys. Lett. 67, 700 (2004) [quant-ph/0401021] (D7).

[9] A.A.Pomeransky, O.V.Zhirov and D.L.Shepelyansky, Phase diagram for the Grover algorithm with static imperfections, Eur. Phys. J. D 31, 131 (2004) [quant-ph/0403138] (D7,D12).

[10] A.A.Pomeransky, O.V.Zhirov and D.L.Shepelyansky, Effects of decoherence and imperfections for quantum algorithms, Proceedings of ERATO Conference on Quantum Information Science 2004, Tokyo, pp. 171-172 (2004) [quant-ph/0407264] (D7,D8,D12).

[11] B.Levi and B.Georgeot, Quantum computation of a complex system: the kicked Harper model, Phys. Rev. E 70, 056218 (2004) [quant-ph/0409028] (D7,D8,D11,D12).

[12] D. Rossini, G. Benenti and G. Casati, Entanglement Echoes in Quantum Computation Phys. Rev. A 69, 052317 (2004) [quant-ph/0309146] (D4,D8).

[13] W.-G. Wang, G. Casati and B. Li Stability of Quantum Motion: Beyond Fermi-golden-rule and Lyapunov decay, Phys. Rev. E 69, 025201 (2004) [quant-ph/0309154] (D7).

[14] G. Casati and S.Montangero, Measurement and Information Extraction in Complex Dynamics Quantum Computation in Decoherence and Entropy in complex Systems, H.-T. Elze Ed., Lectures Notes in Physics Vol. 633, Springer-Verlag, Berlin 2004 [quant-ph/0307165] (D4).

[15] G.G. Carlo, G. Benenti, G. Casati and C. Mejía-Monasterio, Simulating noisy quantum protocols with quantum trajectories, Phys. Rev. A 69, 062317 (2004) [quant-ph/0402102] (D8,D12). [16] G. Benenti, G. Casati and S. Montangero, Quantum computing and information extraction for dynamical quantum systems, Quantum Information Processing 3, 273 (2004) [quant-ph/0402010] (D11).

http://www.quantware.ups-tlse.fr/EDIQIP/ IST-FET project EDIQIP

Publications 2004

[17] D. Rossini, G. Benenti and G. Casati, Classical versus quantum errors in quantum computation of dynamical systems, Phys. Rev. E 70, 056216 (2004) [quant-ph/0405189] (D8).

[18] W.-G. Wang, G.Casati, B. Li and T. Prosen, Uniform semiclassical approach to fidelity decay, submitted to Phys. Rev. Lett. [quant-ph/0407040] (D7).

[19] G.G. Carlo, G. Benenti, G. Casati and D.L. Shepelyansky Quantum ratchets in dissipative chaotic systems, submitted to Phys. Rev. Lett. [cond-mat/0407702] (D8,D12).

[20] C. Mejía-Monasterio, G. Benenti, G.G. Carlo and G. Casati, Entanglement across a Transition to Quantum Chaos, submitted to Phys. Rev. A [quant-ph/0410246] (D7).

[21] S. Montangero, A. Romito, G. Benenti and R. Fazio, Chaotic dynamics in superconducting nanocircuits, submitted to Phys. Rev. Lett. [preprint cond-mat/0407274] (D8).

[22] G. Benenti, G. Casati and G. Strini, Principles of quantum computation and information, Volume I: Basic concepts (World Scientific, Singapore, 2004) (D4).

[23] A. N. Soklakov and R. Schack, Efficient state preparation for a register of quantum bits, submitted to Phys. Rev. Lett. [quant-ph/0408045] (D11).

[24] A. N. Soklakov and R. Schack, State preparation based on Grover’s algorithm in the presence of global information about the state, to appear in Optics and Spectroscopy [quant-ph/0411010] (D11). [25] A. N. Soklakov and R. Schack, Hypothesis elimination on a quantum computer, in Quantum Communication, Measurement and Computing (QCMC’04), edited by Stephen M. Barnett (AIP Press, Melville, NY, 2004), p. 151 [quant-ph/0412025] (D11).

[26] A. Scherer, A. N. Soklakov and R. Schack, A simple necessary decoherence condition for a set of histories, Phys. Lett. A 326, 307 (2004) [quant-ph/0401132] (D8).

http://www.quantware.ups-tlse.fr/EDIQIP/ IST-FET project EDIQIP

Publications 2004

[27] A. Scherer and A. N. Soklakov, Initial states and decoherence of histories, submitted to Journal of Mathematical Physics [quant-ph/0405080] (D8).

[28] A. Scherer and A. N. Soklakov, Decoherence properties of arbitrarily long histories, in Quantum Communication, Measurement and Computing (QCMC’04), edited by Stephen M. Barnett (AIP Press, Melville, NY, 2004), p. 417 [quant-ph/0412024] (D8).

[29] G. Alber and T. Walther, Thema Forschung 1, 44 (2004), Quanteninformationsverarbeitung - Prüfstein für IT-Sicherheit (D8).

[30] O. Kern, G. Alber and D. L. Shepelyansky, Quantum error correction of coherent errors by randomization, to be published in Eur. Phys. J. D [quant-ph/0407262] (D7,D8,D12).

[31] M. Terraneo, B. Georgeot and D.L. Shepelyansky, Quantum computation and analysis of Wigner and Husimi functions: toward a quantum image treatment, submitted to Phys. Rev. E [quant-ph/0412123] (D11). [32] A. Pomeransky, Entanglement and imperfections in quantum computation (in French), PhD thesis at Univ. P. Sabatier, Toulouse, France (2004) (available at http://www.quantware.ups-tlse.fr/theses.html) (D7,D8,D11,D12).

[33] B. Lévi, Computation of quantum systems by realistic quantum computers (in French), PhD thesis at Univ. Paris VII, France (2004) (available at http://www.quantware.ups-tlse.fr/theses.html) (D7,D8,D11,D12).

Publications [1-7], [12], [14] and [22] were included in the EDIQIP publication list of the 2003 report as preprints.

http://www.quantware.ups-tlse.fr/EDIQIP/ IST-FET project EDIQIP