
MALICIA 

 Grant Agreement Number 265522 

Dn.n. title                                                                                

 

 

 

 

 

 

 

 

 

D4.2 Theoretical model for Rydberg-blockade induced 

optical nonlinearities for two-photon gates 

 

 

 

Ref. Ares(2013)325844 - 12/03/2013



MALICIA 

 Grant Agreement Number 265522 

Dn.n. title                                                                                

Project 

Project acronym: MALICIA 

Project full title: Light-Matter  interfaces in absence of cavities 

Grant agreement no.: 265522 

Funding scheme: Collaborative Project 

Project start date: 01 February 2011 

Project duration: 36 months 

Call topic: ICT-2007.8.0 – FET Open 

EC project officer: Matteo Mascagni 

Project web-site: http://www.maliciaproject.eu/ 

 

Document 

Deliverable number: D4.2 

Deliverable title: 
Theoretical model for rydberg- blockade induced 

optical nonlineasrities for two- photon gates 

Due date of deliverable: M24 

Actual submission date: M24 

Editors:  

Authors:  

Reviewers:  

Participating beneficiaries: UULM, MPG, LUH,LENS,USTUTT,AU 

Work Package no.: 4 

Work Package title: Quantum Interfaces 

Work Package leader: LUH - Prof. Klemens Hammerer 

Work Package participants: UULM, MPG, LUH,LENS,USTUTT,AU 

Estimated person-months for deliverable: 20 

Dissemination level: PU 

Nature: R 

Version: 1 

Draft/Final: Draft 

No of pages (including cover): 3 

Publishable abstract  

Keywords:  

  



MALICIA 

 Grant Agreement Number 265522 

Dn.n. title                                                                               3 

 

D4.2 Theoretical model for Rydberg-blockade induced optical nonlinearities for two-photon gates 

 

The description of propagation of light in a medium under four wave mixing conditions based on 

the optical nonlinearity provided through the Rydberg-blockade effect was developed by UULM 

and AU. The work of UULM focused on numerical simulation and optimization of the light-matter 

interface including the Rydberg mediated long range interactions. By means of the time-dependent 

Density Matrix Renormalization Group in its Matrix Product State  (MPS) formulation, and 

optimization through the Chopped Random Basis (CRAB) method, optimal pulse shapes were 

found which allow to significantly increase the effective Rydberg blockade radius. AU modelled the 

propagation of light in a Rydberg-nonlinear medium analytically and numerically. The optical 

transmission properties are calculated via a classical many-body approach. The single-atom Bloch 

equations are thereby extended by treating the detuning from the Rydberg level as being locally 

dependent on the Rydberg population of other levels. It turned out that it is necessary to explicitly 

account also for fluctuations in the level shift, which adds a new dephasing rate for coherences to 

the Bloch equations. This improved model shows good agreement with experiments. 

The combination of Rydberg blockade induced nonlinearities and photon detection for applications 

in quantum repeaters was studied by LUH and MPG. In line with previous theoretical and 

experimental research within MALICIA on the dissipative generation of entanglement this work 

focused on a recently proposed quantum repeater architectures based on a time-continuous, 

dissipative dynamics. We proved that at the fundamental repeater level discrete entanglement (in 

ideal case: Bell states) can be generated deterministically by homodyne detection realizing a 

continuous Bell measurement and feedback. This can be achieved e.g. with optically thick atomic 

ensembles where the Rydberg blockade prevents the generation of more than one collective 

excitation. This protocol tolerates significant levels of transmission losses up to almost 40%. The 

resulting weakly entangled states can be purified by a dissipative dynamics at the next repeater 

level. MPG analysed the nesting of these protocols, and showed that the resulting convergence time 

scales only logarithmically with the distance. In the more traditional framework of quantum 

repeaters (based on iterated steps of photon transmissions, distillation of stored entangled 

excitations by means of quantum gates, and entanglement swapping) the use of Rydberg 

nonlinearities for deterministic quantum gates has been studied previously by LUH (at that time 

Univ. Innsbruck). Taking imperfections in gate operations into account on a perturbative level, it 

was shown that deterministic gates can significantly improve the rate of entanglement generation. 


