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Outline of the Presentation 

   

                   Spins in a Many-Body Environment:  
   Examples Kondo Systems and Spin-Boson Systems 

•  Entanglement in these quantum systems 
    Many-Body Dynamics and Non-Markovian Effects 
 
One important paper for this memorial conference 
Peter P. Orth, Adilet Imambekov, Karyn Le Hur Phys. Rev. B 87, 014305 (2013) (Review) 
New developments at Ecole Polytechnique, with Loic Henriet & Zoran Ristivojevic 
 
Another approach: P. Dutt, J. Koch, Jong Han and KLH, Annals of Physics 326, 2963-99 (2011) 
 
 
Novel Topological Phases of Light and Bosons 
PhD thesis of Alexandru Petrescu 
    
    A. Petrescu, A. A. Houck, K. Le Hur Phys. Rev. A 86, 053804 (2012) 
    A. Petrescu & K. Le Hur, arXiv:1306.5986 (to be published in PRL) 
 



 
	
  
RC	
  circuits	
  &	
  topological	
  insulators	
  
M. Buettiker, H. Thomas, and A. Pretre, Phys. Lett. A 180, 364 - 369,(1993) 
J. Gabelli et al., Science 313, 499 (2006); G. Feve et al. 2007 
J. Gabelli et al. Rep. Progress 2012 
C. Mora and K. Le Hur, Nature Phys. 6, 697 (2010) 
Y. Hamamoto, et al. Phys. Rev. B 81, (2010) 153305  
Y. Etzioni, B. Horovitz, P. Le Doussal, PRL 106, 166803 (2011) 
I. Garate & KLH, PRB 2012 

Kondo	
  Effect	
  with	
  Photons	
  
K. Le Hur, Phys. Rev. B 85, 140506(R) (2012) 
A.  Leclair, F. Lesage, S. Lukyanov and H. Saleur (1997)  
M. Goldstein, M. H. Devoret, M. Houzet and L. I. Glazman, 2012  
H. Zheng, D. Gauthier, H. U. Baranger, Phys. Rev. A 82, 063816 (2010) 
M. Hofheinz et al. arXiv:1102.0131 

M.	
  Delbecq	
  et	
  al.	
  PRL	
  107,	
  256804	
  (2011)	
  
M.	
  Schiro	
  &	
  KLH,	
  in	
  preparation	
  
	
  
 
 
 

 

COLD-ATOMIC Quantum IMPURITIES	


A. Recati et al. PRL 94, 040404 (2005)	


Peter Orth, Ivan Stanic, Karyn Le Hur, PRA (2008)	


Single Atom: Ph. Grangier et al. Science 309, 454 (2005)	


A.	
  Fuhrmanek,	
  Y.	
  R.	
  P.	
  Sortais,	
  P.	
  Grangier,	
  A.	
  Browaeys	
  	
  
Phys.	
  Rev.	
  A	
  82,	
  023623	
  (2010).	


D. Porras, F. Marquardt, J. von Delft, J. I. Cirac	
  (2007),…	
  
M. Knap et al. Phys. Rev. X 2, 041020 (2012)  	


M.	
  Knap,	
  D.	
  A.	
  Abanin,	
  E.	
  Demler,	
  arXiv:1306.2947	
  
J.	
  Bauer,	
  C.	
  Salomon,	
  E.	
  Demler	
  arXiv:1308.0603	
  

Recent	
  Developments:	
  dynamics	
  



                   Entangling a Spin to its Environment: Novel Phases	


                      Decoherence of the quantum superposition	


                      Non-Markovian Effects and Spin Dynamics	





                 What is Entanglement? 
     Spooky action at Distance (Einstein) 

Simple example: 2 Qbits forming a singlet pair	



Wave function is NOT factorizable into individual wave functions… 
2 spins: detection lies on (Bell’s) spin correlations (A. Aspect et al)  

Here: A = spin and B = quantum environment 



From Thermal to Quantum Limit 

 At T=0 all coefficients are zero except for the ground state 

                               
Measurement on 
Spin (A) ONLY 



Entanglement & Spin Observables 

   
Seems easy to characterize and quantify… 



     Celebrated Example of Environment 

A. Leggett et al. Rev. Mod. Phys. 59, 1 (1987)	


U. Weiss book, quantum dissipative systems, 1999	


	



 	



One important quantity is the  
frequency dependence of the  
associated coupling spectrum 

 J(ω) = ∑i |λi|2 mi δ(ω-ωi) 

J(ω) ∝ αωs           s=1 ohmic case 
 

Exact mapping to Kondo model & Ising 
Model with long-range forces 
 
F. Guinea, V. Hakim A. and Muramatsu, Phys. Rev. B 32,  
4410-4418 (1985) 



   Product State when α = 0 

  Bloch sphere       Spin lies in a pure state: E=0  
              p+=1 and p-=0 

Introducing the bath produces decoherence & uncertainty 

|ΨG> = |ΨA=spin>⊗|ΨB=bath> 



       Results for Decoherence & Entanglement at h=0 
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  A.	
  Kopp	
  and	
  K.	
  Le	
  Hur,	
  PRL	
  98,	
  220401	
  (2007)	
  

Bethe Ansatz & NRG 

Quantum decoherence at α = 1/2  

Thus, one predicts Maximal entanglement at E ~ 1 
1≥α>1/2 Complete screening of the spin 
No Rabi oscillations: α = 1/2 pure exponential relaxation 
 

     

For all couplings: 

(small α) 
 Polaronic effect 



Non-Markovian Dynamics: Feynman-Vernon path integral approach 

We integrate out the BATH (quadratic action) and follow the spin real-time dynamics  
 

The bath effect is all contained in the INFLUENCE FUNCTIONAL: 

A. Leggett et al. Rev. Mod. Phys. 59, 1 (1987); U. Weiss book, quantum dissipative systems, 1999	


	





Parametrization of the Spin Path 



	
  	
  	
  Main	
  Idea	
  to	
  solve	
  the	
  Blip-­‐Blip	
  Interac5on:	
  Hubbard	
  Stratonovitch	
  transforma5on	
  
	
  
Peter P. Orth, Adilet Imambekov, Karyn Le Hur Phys. Rev. B 87, 014305 (2013) (Review) 
See also G.	
  B.	
  Lesovik,	
  A.	
  V.	
  Lebedev,	
  A.	
  Imambekov	
  JETP	
  LeY.	
  75,	
  p.	
  474,	
  (2002);	
  	
  
A.	
  Imambekov,	
  V.	
  Gritsev,	
  E.	
  Demler,	
  Phys.	
  Rev.	
  A	
  77,	
  063606	
  (2008).	
  
J.T.	
  Stockburger,	
  H.	
  Grabert	
  Phys.	
  Rev.	
  LeY.	
  88,	
  170407	
  (2002).	
  
Non-Markovian Approach 
	
  

For	
  the	
  Ohmic	
  Bath,	
  this	
  results	
  in	
  

In	
  fact,	
  the	
  Q1	
  func`on	
  can	
  also	
  be	
  treated	
  in	
  a	
  general	
  way	
  (L.	
  Henriet,	
  Z.	
  Ris`vojevic,	
  KLH)	
  



Stochas5c	
  Schrodinger	
  Equa5on	
  

In	
  a	
  4	
  by	
  4	
  Matrix	
  Form,	
  we	
  obtain:	
  A	
  spin	
  in	
  Random	
  Magne`c	
  Fields	
  

Note:	
  This	
  is	
  a	
  numerically	
  exact	
  Approach,	
  Non-­‐Markovian	
  Effects	
  captured	
  
LiYle	
  Price	
  to	
  Pay:	
  Numerical	
  Convergence,	
  similar	
  to	
  QMC	
  in	
  spirit	
  
Different	
  from	
  	
  J.	
  Dalibard,	
  Y.	
  Cas`n,	
  K.	
  Molmer,	
  Phys.	
  Rev.	
  LeY.	
  68,	
  580	
  (1992)	
  
	
  
Applica5ons:	
  Landau-­‐Zener	
  problem	
  for	
  Ohmic	
  spin-­‐boson	
  model	
  (Peter,	
  Adilet,	
  Karyn	
  2010)	
  
Dissipa5ve	
  Rabi	
  models:	
  Loic	
  Henriet,	
  Zoran	
  Ris`vojevic,	
  Peter	
  P.	
  Orth,	
  KLH	
  in	
  progress	
  	
  



Results: Analytical Approach & tricky NRG numerics 
           P. Orth, A. Imambekov, K. Le Hur, stochastic Equation 
           D. Roosen, K. Le Hur, W. Hofstetter, time-dependent NRG 
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Other	
  Developments	
  

More	
  than	
  one	
  spin	
  and	
  dissipa5ve	
  quantum	
  phase	
  transi5ons	
  
RKKY	
  interac`on	
  between	
  spins	
  and	
  pseudo-­‐spins	
  
P.	
  P.	
  Orth,	
  D.	
  Roosen,	
  W.	
  HofsteYer	
  and	
  KLH	
  2010	
  
M.R.	
  Delbecq,	
  L.E.	
  Bruhat,	
  J.J.	
  Viennot,	
  S.	
  DaYa,	
  A.	
  CoYet	
  and	
  T.	
  Kontos,	
  	
  
Nature	
  Communica`ons	
  4,	
  1400	
  (2013)	
  
	
  
	
  
Realiza5on	
  of	
  quantum	
  Ising	
  chain	
  in	
  a	
  transverse	
  field	
  
P.	
  G.	
  de	
  Gennes	
  1963	
  
Dissipa`on	
  can	
  be	
  controlled	
  and	
  tuned	
  to	
  ZERO	
  in	
  principle	
  
Poten`al	
  applica`on	
  to	
  Majorana	
  fermions	
  
Peter Orth, Ivan Stanic, Karyn Le Hur, PRA (2008)	


	
  
	
  
	
  

Topological	
  Phases	
  with	
  Bosons	
  &	
  Spin	
  degrees	
  of	
  freedom	
  



Also	
  true	
  for	
  
Bosons	
  on	
  	
  
laSces	
  



Take	
  Home	
  Message	
  

I	
  will	
  start	
  with	
  the	
  point	
  2)	
  

(to	
  appear	
  in	
  PRL)	
  



MoX	
  Physics	
  in	
  Boson	
  Systems:	
  LaSce	
  Effects	
  

e.g.	
  E.	
  Altman,	
  W.	
  HofsteYer,	
  E.	
  Demler,	
  M.	
  Lukin	
  2003	
  	
  



Example:	
  Ladder	
  System	
  





Meissner	
  currents	
  survive	
  



Coupled	
  Ladder	
  Models	
  give	
  the	
  same	
  conclusion	
  (See	
  Supplementary	
  Material)	
  



C.	
  H.	
  Wong	
  and	
  R.	
  A.	
  Duine,	
  arXiv:1307.3594.	
  
M.	
  P.	
  Zaletel,	
  S.	
  A.	
  Parameswaran,	
  A.	
  Ruegg	
  
and	
  Ehud	
  Altman,	
  arXiv:1308.3237.	
  

Topology	
  through	
  	
  
Flux	
  Quan5za5on	
  
	
  
Realizable	
  in	
  cold	
  atoms	
  
And	
  Josephson	
  junc5ons	
  

DMRG	
  results	
  
Collabora`on	
  with	
  
G.	
  Roux	
  (Orsay)	
  



	
  
	
  
M.	
  Aidelsburger	
  et	
  al.,	
  arXiv:1308.0321.	
  	
  
Hirokazu	
  Miyake	
  et	
  al.	
  (MIT),	
  arXiv:1308.1431.	
  



















A.	
  









Needs	
  to	
  engineer	
  the	
  MoX	
  state	
  
via	
  driving	
  (pumping)	
  



 
 
 
 
 
 

             
 

                   

            

We have closed the Loop… 
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  A	
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Stochas5c	
  Approach	
  to	
  Describe	
  Non-­‐Markovian	
  Effects	
  
	
  
Bath	
  Useful	
  to	
  Induce	
  (long-­‐range)	
  Interac5ons	
  
Cold	
  Atoms:	
  Controllable	
  Decoherence	
  
	
  
	
  
Topology:	
  Bosonic	
  MoX	
  Phase	
  with	
  Meissner	
  Currents	
  
	
  
	
  
Topological	
  Phases	
  of	
  Light	
  in	
  cQED	
  Complex	
  geometries	
  
Driven	
  Effects	
  lead	
  to	
  Non-­‐Equilibrium	
  descrip5on	
  
	
  
	
  
Thanks	
  to	
  Adilet	
  	
  
Thanks	
  to	
  collaborators	
  &	
  Thanks	
  to	
  Organisers	
  
	
  
	
  


