7.6 Workpackage description

Workpackage 1: Preparation/ Inizialization of a quantum register

(Leader : Ennio  Arimondo, Pisa)

Workpackage number 
1
Start date or starting event:
Month 0



Participant id

1
2
3
4
5




Person-months per participant:

9
9
9
4
2




Objectives 

Preparation of Bose-Einstein condensates / cold fermionic atoms inside optical lattices  

Characterization / enhancement of the fidelity of the loading process and initialisation of a quantum register 



Description of work 

Characterize the quality of the loading process of Mott insulator of bosons (E)

Characterize the dynamics and quality of the loading process of fermions in lattice (E)

Investigate novel preparation methods  (E,T)

Enhance the fidelity of the lattice loading  (E,T)

Initialise a quantum register using bosons in a Mott insulator state /fermions (E)

Investigate sympathetic cooling of qubits (E,T)



Deliverables 

D1 – Fidelity of a quantum register initialised within an optical lattice (18th month).

D2 – Preparation of fermionic atoms in an optical lattice (18th month).



Milestones (M*.*)  and expected result ()
M1.1 Inizialize a quantum register of bosons and of fermions (18th months)

 Characterize the quality of the loading process

 Identify robust lattice configurations and compatible stable qubits 

 Loading a BEC in a high-finesse cavity

 Sympathetic cooling of qubits; nondestructive cooling 



Workpackage 2: Addressing, manipulating and measuring on single sites

(Leader: Tilman Esslinger, Zurich)

Workpackage number 
2
Start date or starting event:
Month 6

Participant id

1
2
3
4
5


Person-months per participant:

12
8
12
4
4




Objectives 

 Single atom detection in an optical lattice

Addressing single sites in an optical lattice 



Description of work 

Experimental implementation of single atom detection schemes (E) 

Development of superlattice techniques (E)

Combining single atom detection schemes with optical lattices (E)

Comparison of the different approaches (E,T)

Application of single atom detection to quantum information processing (E,T)

Application of quantum optimal control methods to problems of few atoms in confined geometries to maximize gate fidelity (E,T)
Develop state selective manipulation schemes (E,T)



Deliverables 

D3 – Detection of single atoms from Bose-Einstein condensates (30th month)

D4 – Manipulating single atoms within high-finesse cavities (18th month)

D5 – Addressing single sites in an optical lattice  (42th month)



Milestones (M*.*)  and expected result ()

M 2.1 Identify techniques for single atom detection which are most suitable for quantum computation in optical lattices (30th month)

Single atom detection within high-finesse cavities

Investigation of addressing techniques based on electric/magnetic field gradients.

State selective single atom detection by multiphoton and/or field ionisation techniques.



Workpackage 3: Two qubit gates and compatible stable qubits

(Leader: P. Zoller, Innsbruck)

Workpackage number 
2
Start date or starting event:
Month 12

Participant id

1
2
3
4
5

Person-months per participant:

18
18
18
18
18



Objectives 

3.1 Develop optimal two-qubit entangling gates based on different coupling mechanisms

3.2 Identify degrees of freedom compatible with stable qubit operations in optical lattices



Description of work 

Experimental application of existing neutral-atom gate proposals to optical lattices (E)

Detailed comparison of different possibilities for qubit encoding with respect to sensitivity toward the fluctuation of parameters like external trapping field strength and laser intensity (E,T)

Investigation of coherent atom-atom coupling mechanisms not yet explored in view of controlled creation of entanglement, for instance molecular interactions leading to Feshbach resonances (E,T)

Application of quantum optimal control methods to problems of few atoms in confined geometries to maximize gate fidelity (T)

Development of a single-atom transistor for bosonic atoms with regard to applications in QIP, for example efficient readout of single atomic qubits (E,T)



Deliverables 

D6 - Assessment of experimental feasibility for existing qubit encodings and quantum gate schemes (30th month )

D7 - Novel theoretical two-qubit gate schemes (42th month )



Milestones (M*.*) and expected result ()
M3.1 Identify compatible stable qubits (30th month)

 Spin dependent lattice potentials 

 Collisional two-qubit quantum gates 

 Fast quantum gates using Rydberg atoms  

 Cavity mediated interaction for two-qubit gates  

 Fast collisional quantum gates using magnetic or optical Feshbach resonances 

 Two-qubit gates via molecular transitions

 Assessment of two-qubit coupling schemes best suited for optical-lattice implementation



Workpackage 4: Generation/characterization of multi-particle entangled states

(Leader: I. Bloch, Mainz)

Workpackage number 
4
Start date or starting event:
Month 12

Participant id

1
2
3
4
5

Person-months per participant:

6
12
4
12
12



Objectives 

To develop methods for creating massively entangled multi-particle states in optical lattices.

To identify quantum networks and measurement procedures to characterize multi-particle entangled states.



Description of work 

Experimental generation of cluster and graph states in different dimensions and theoretical studies on optimizing the fidelity of these states (E,T) 

Spin squeezing for creation and detection of entanglement and precision measurement  (E)

Theoretical studies on novel methods to assess multi-particle entanglement (T)

Experimental and theoretical studies on engineering entanglement by changing interaction properties via external fields (E)

Creation of entanglement by operation of massively parallel quantum gates (E,T)



Deliverables 

D8 - Experimental generation of multi-particle entanglement in optical lattices (30th month )

D9 - Measures and measurement procedures for multi-particle entanglement (42th month )



Milestones (M*.*) and expected result ()
M4.1 Massively parallel quantum gate operations for creation of multi particle entanglement in 2D and 3D optical lattices (30th  month)

 Generation and characterization of cluster and graph states in different dimensions;

 Generation and characterization of massively entangled spin squeezed states in different dimensions;

 Demonstration of possible improvements on precision measurements by usage of multi particle entangled states;

Theoretical proposal for entanglement detection networks allowing the assessment and characterization of multi particle entanglement;

 Well characterized multi-particle entanglement in optical lattices as a resource for quantum information processing

 Creation of highly entangled cluster states in two and three dimensions

 Study of lifetimes and coherence properties of highly entangled multi-particle states

 Experimental characterization of degree of entaglement of multi-particle system in lattices



Workpackage 5: Strategies for minimizing decoherence

(Leader: D. Jaksch, Oxford)

Workpackage number 
5
Start date or starting event:
Month 0

Participant id

1
2
3
4
5

Person-months per participant:

8
8
8
12
8



Objectives 

Investigate the role of noise in various lattice parameters (e.g. intensity, phase, and polarization fluctuations) and the resulting effects of decoherence

Develop strategies to minimize the role of noise in various lattice parameters (e.g. intensity, phase, and polarization fluctuations) and the resulting effects of decoherence.

Investigate the role of noise in various lattice parameters (e.g. intensity, phase, and polarization fluctuations) and the resulting effects of decoherence.



Description of work 

Identify the relevant sources of decoherence in the optical lattice system and measure its effect on the quantum states and the fidelity of quantum gate operations (E)

Detailed comparison of different qubit encoding with respect toward fluctuation of parameters as external field strength and laser intensity (E,T)

Develop techniques to minimize the noise of the trapping lasers (E)

Develop efficient methods of protecting quantum states that make specific use of the lattice architecture (T)



Deliverables 

D10 - Specific procedures for decoherence suppression (30th month) 

D11 - Experimental realization of optical lattices with minimized decoherence (42th month)



Milestones (M*.*) and expected result ()
 Studying and developing strategies for minimizing decoherence.
 Characterization of quantum-gate fidelity.

 Technical improvements of optical lattice potentials (frequency, intensity fluctuations)

 Measuring coherence times of single qubits.

 Measuring lifetimes of entanglement

 Identification/Realization of decoherence free subspaces.

 Encoding and gate operations in decoherence free subspaces.



Workpackage 6: Quantum simulator

(Leader: W. Dür, Innsbruck)

Workpackage number 
6
Start date or starting event:
Month 0

Participant id

1
2
3
4
5

Person-months per participant:

6
9
9
18
9



Objectives 

6.1 To design quantum simulation protocols based on the specific interaction Hamiltonians that can be implemented in an optical lattice, and to make use of the high parallelism available in this system 

6.2 To study and estimate the effect of noise in the control parameters on quantum simulation schemes

6.3 To perform experimental quantum simulations with  optical lattices  



Description of work 

Design of quantum simulation protocols exploiting unique features of optical lattices: highly parallel interaction, control of interaction Hamiltonians and local control (T)

Optimisation of schemes with respect to time and complexity (T)

Exploration of many-body models to be simulated in optical lattices with different geometries and interactions (T)

Experimental simulation of simple models, measuring static and dynamical properties (E)

Investigation of imperfections, both inherent in the system and/or artificially introduced (E,T)



Deliverables 

D12 - Estimation of the effect of decoherence and noise on the quantum simulator of many-body models (30th  month)

D13– Experimental quantum simulation of simple modes (42th  month)



Milestones (M*.*)  and expected result ()
M6.1   Development of quantum protocols for quantum simulators especially suited for optical lattice potentials (18th  month)

 Identification of many-body quantum systems, which can be efficiently simulated in optical lattices.

  Simulation of static and dynamical properties of strongly-correlated many-body quantum systems.

  Simulating/Engineering decoherence.



Workpackage 7: New theoretical strategies to implement quantum computers

(Leader: H. Briegel, Innsbruck) 

Workpackage number 
7
Start date or starting event:
Month 0

Participant id

1
2
3
4
5



Person-months per participant:

0
0
0
24
12



Objectives 

 To develop novel theoretical models for quantum computation which make particular use of the lattice geometry and the parallelism of control operations 

7.2. To derive a threshold for fault-tolerant quantum computation in lattice systems



Description of work 

Study the feasibility of novel computational schemes, such as quantum adiabatic computation, quantum computation w/o local control, and the one-quantum way computer, in optical lattices(T)

Analyze the effect of noise in these systems, in particular in quantum adiabatic computation(T)

Implementation of entanglement purification protocols in an optical lattice(T)    

Use of entanglement purification as a primitive in fault-tolerant quantum computation(T)



Deliverables 

D14 –Proposal for entanglement purification of cluster- and similar states in an optical lattice, under various experimental constraints (18th month). 

D15 – Threshold for fault-tolerant quantum computation, using entanglement purification as a primitive (42th month)



Milestones (M*.*) and expected result ()
 Architecture for efficient entanglement purification protocols. 

 Schemes for adiabatic quantum computation and for measurement-based quantum computation   in optical lattices. 

 Threshold for fault tolerant quantum computation with cluster and graph states. 

 

 Milestones are control points at which decisions are needed; for example concerning which of several technologies will be adopted as the basis for the next phase of the project.

