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Experimental implementation ?  

•  Physical processes for reliable generation, processing,  
& transport of quantum states 

 
•  A quantum interface between matter and light 

‘Quantum Memory’ 

Entanglement Distribution  
on distances larger than set 

 by the attenuation length of fibers 

One example: ‘Quantum Repeater’  
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The General Content of QScale 

Enters into Topic 3 of the QIFT call 
focus on “Long distance quantum communications” 

Overall objective 
experimentally demonstrate photonic and atomic components 

enabling the development of quantum repeaters and their integration 
into quantum communication and processing networks 

(from HJ Kimble, The Quantum Internet 
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The Tools of QScale 

Bose-Einstein Condensate on chip 

Cold atoms in 
2D-MOT and 
dipole trap 

Trapped ion 
strings 

Rare-earth ion 
doped crystals 

Discrete degrees of freedom 

Non-Gaussian states 
 Hybrid operations  

Gaussian Squeezed 
light and Entanglement 

Continuous degrees of freedom 

Polarization qubits 
Single-photon entanglement 

Involve photon counting 

Quadrature measurements 
Involve homodyne detection 

Single photons 



The QScale Consortium 
5 academic partners 
 1 industrial partner 

 

5 countries 
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400 person months 
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Barcelona, Spain 
Institute of Photonic Sciences 

PI: H. de Riedmatten 
(Q. memory in solids) 

Saarbrucken, Germany 
Universitat des Saarlandes 

PI: J. Eschner 
(Trapped ion strings) 

Firenze, Italy 
Istituto Nazionale di Ottica 

PI: M. Bellini 
(Q. memory in BEC, Non-gaussian) 

Milano, Italy 
Quanta System  
PI: F. Ferrario 

(Tools: locking, detection) 
Geneva, Switzerland 

Group of Applied Physics 
PI: N. Sangouard 

(Theory of quantum networks) 

Paris, France 
Laboratoire Kastler Brossel 

PI: J. Laurat 
(Q. memory in MOT, Non-gaussian) 



QScale WorkPackages 

WP1:  Photonic components for quantum 
architecture 

 

Developing sources of non-classical light 
compatible with memories and the ability to perform 
non-Gaussian operations.  
 

WP2: Controlling light-matter interfaces 
 

Implementing long-lived and efficient quantum 
memories in ensembles (cold atoms, BEC on 
AtomChip, and rare-earth doped solid) and the 
synchronous control of photon emission by trapped 
ion strings leading to light-ion entanglement.  
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QScale WorkPackages 

WP1:  Photonic components for quantum 
architecture 

 

Non-classical light and non-Gaussian operations. 
 

WP2: Controlling light-matter interfaces 
 

Memories in ensembles and control of ion strings.  
 

WP3: Demonstration of Q. repeaters 
building blocks 

 

Light-matter, matter-matter entanglement, node processing  
 

WP4: Novel architectures and tools for repeaters 
Investigating new architectures and characterization for 
operational repeaters (e.g. hybrid schemes, heralded 
qubit amplifier, deterministic operations, witnesses)  



QScale Website On Line 

A website  
www.chistera-qscale.eu 

Partners, Workpackages 
Papers from the consortium 

General audience page 



Kick-off Meeting 

Kick-off, Paris, October 2011 
25 researchers, 9 talks 
2 discussion sessions 
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WP4: Novel architectures and tools for repeaters 
Hybrid schemes, heralded qubit amplifier, deterministic 
operations, witnesses,…  



ICFO: Qubit Storage in a Solid 

Cryogenically cooled  
Pr3+:Y2SiO5 

 

arXiv:1201.4149v2 

Polarization qubit storage by 
the Atomic Frequency Comb 

Technique 

Conditional fidelity above 95%, above classical benchmark  

Next step for WP2: transfering the excitation to long-lived spin excitation 



ICFO: A compatible single-photon source 

Generation of ultra-narrow 
band photon pair compatible 

with Pr memory  

Preliminary results 

Pump  
@ 426 nm PPLN 

Signal @ 606 nm 

Idler  @ 1436 nm 

Next step for WP1: measuring 
the g2(0) and improving the 
emission rate and stability 



GAP: Available Resources and their Uses  

arXiv:1202.0493v1 

Usefulness of single-photons 

Enters into WP4: How to characterize/optimize the available 
resources for efficient Q. communication protocols ?    

Characterization of photon-
pairs with realistic detectors 

that one has in the lab  

arXiv:1109.0194v1 

Benchmarks for Q. communications 

Provides explicit formulas for 
usual quantum optics tests 
(HOM, cross-correlation,..) 

including detector parameters    
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Enters into WP4: How to characterize/optimize the available 
resources for efficient Q. communication protocols ?    

Characterization of photon-
pairs with realistic detectors 

that one has in the lab  

arXiv:1109.0194v1 

Provides explicit formulas for 
usual quantum optics tests 
(HOM, cross-correlation,..) 

including detector parameters    

How realistic detectors influence the 
preparation of single-photon states ? 

@ LKB 
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Single photon entanglement 
easy to produce, hard to 

characterize as it required so 
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Idea : a criterion for single 
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Witnessing Operational Q. Networks   

Single photon entanglement 
easy to produce, hard to 

characterize as it required so 
far non-local measurements 

Enters into WP1 and WP4: Non-gaussian tasks and criteria 
for networks operations, including hybrid networks 

Idea : a criterion for single 
photon entanglement using 
only local measurements 

GAP/LKB collaboration 

A witness proposed by GAP 
and currently implemented 

at LKB with only local 
homodyne measurements 

 

LO 

LO 

A (“very good”) single-photon 
generated with type-II OPO 
and heralding SSPD detector 

Quadrature 
measurements 



INO: A New Setup for Non-Gaussian task 

Enters into WP1: Non-Gaussian toolbox for Q. state engineering 

A collaboration INO/QuantaSystem 
for developing these tools 

   

Goal : Combination of photon addition 
and subtraction for multi-photon 

quantum state generation, CV qubit and 
entanglement purification 

Requires a new setup with 
cavity enhancement of the non-

linear effects and low-noise 
high-speed homodyne detection  



Q. Repeaters based on Qubit Amplifier 

Enters into WP4: Developing efficient protocols for Q. 
communications with a special emphasis on deterministic operations   

Idea : using heralded qubit 
amplifier to generate on-

demand entangled photon pairs 
and improve repeater scalability 

GAP/ICFO collaboration 

Show that the quality of the 
entanglement is preserved even after 
many swapping operations such that 
it does not require postselection as 

usually done in repeaters 
   

arXiv:1111.5185v1, accepted in PRA 



LKB: On-demand Matter Entanglement 

Optimization of the memory (WP2), Source of photonic entanglement 
(WP1), Transfer of deterministic entanglement to two memories (WP3) 

Goal : Demonstrating the 
deterministic entanglement of 

two remote memories 
 

Requires: large MOT for 
multiplexing, compatible source 

of squeezed light 
First results with weak coherent states 

15% storage efficiency 
20 μs storage time 20 μs storage time

Memory 
time 



INO: On-demand Matter Entanglement 

Optimization of the memory (WP1), Source of photonic entanglement 
(WP2), Transfer of deterministic entanglement to two memories (WP3) 

Goal : Demonstrating the 
deterministic entanglement 
of two remote memories 

 

Another system: Bose-Einstein Condensate 

Storage of continuous-variable 
on progress 

Development of a double-trap 



Saarbrucken: Control of Ion Strings 

A double trap apparatus 

Quantum network 
with ion strings 

 
Enable a local 

processing widely 
developed for Q. 

computing 



Saarbrucken: Control of Ion Strings 

Enters into WP2 and WP3: single-photon 
emission from strings, remote ion-ion 

entanglement, local operations on strings  

Quantum network 
with ion strings 

 
Enable a local 

processing widely 
developed for Q. 

computing 

A double trap apparatus 

Photon-conditioned gate 

Lasers 

Remote gate 

Lasers 
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Developing the atomic and photonic 
components enabling Q. repeaters 

and their integration into 
communication and processing 

networks 
 

A strong partneship of researchers 
spanning a variety of material 
systems and optical carriers 

 
Promising first results and 

collaborations www.chistera-qscale.eu 


