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Quantum breathers in the nonlinear Klein Gordon lattice Plan of the talk: • experimental evidences of nonlinear dynamics in some crystals • The KG lattice model in the context of hydrides • Numerical method • Eigen-modes as a function of the nonlinearity (strenght, softening or hardening) biphonon, bivibron, quantum soliton • Quantum breathers • How to depict the nonlinearity in materials ? S(q,ω) • Conclusion and future studies



Anharmonicity in materials H2 solid (Gush et al., Phys. Rev. 1957)



Frequency (cm-1)



H. Mao et R. J. Hemley , Rev . Mod . Phys (1994)



Crystalline acetanilide (Abbott et al., Proc. R. Soc. London 1956)



J. Edler, P. Hamm et A. Scott, J.Chem.Phys. (2002)



Anharmonicity in materials N2O and CO2 solid (Schettino et al., J. Chem. Phys. (1973-1975))



N2O Frequency (cm-1)



CO2



F. Bogani, J. Phys. C: Solid State Phys. 11, 1297 (1978) Frequency (cm-1)



Metal hydrides (J. Eckert et al., PRB (1983))



δ-TiH



For PdH, see also: D. K. Ross et al., PRB 58, 2591 (1998).



For NbH, see also: J. Eckert et al., PRB 27, 1980 (1983).



A.I. Kolesnikov et al., J. Phys.: Condens. Matter 6, 8977 (1994); J. Phys.: Condens. Matter 6, 8989 (1994); J. Phys.: Condens. Matter 3, 5927 (1991); J. Phys.: Condens. Matter 12, 4757 (2000).



Model and numerical method Independent particles (low hydrogen concentration in metal) :



h ( P, X ) =



P2 +V (X ) 2m



U = X − X min



P2 h( P, U ) = + a2U 2 + a3U 3 + a4U 4 2m



Coupled particles (highly concentrated alloy, 0.28 % weight in Zr):



 Pi 2  2 3 4 + a2U i + a3U i + a4U i + C (U i − U i +1 ) 2  H ( Pi , U i ) = ∑  i  2m 



Numerical diagonalization on the Bose-Einstein states



Φα , γ α Numerical diagonalization on a Bloch wave basis made of independent states:



B[ Πiαi ] (q) =



Bα k (q) = 0



1 N



1 A[ Πiαi ]



Σ j e-i q× j Π i Φαi ,i+j



Σ j e-i q× j Φα k ,k 0 +jΠ i ≠ k 0 Φ 0,i+j



Cutoff : (Σi αi) < Ncutoff



L. Proville, EPL 69, 763 (2005).



W.Z. Wang, J.T. Gammel, A.R. Bishop and M.I. Salkola, Phys. Rev. Lett. 76, 3598 (1996).



Eigen-spectrum of a KG lattice Cubic on-site potential :



Quartic on-site potential :



V(Uj)



on-site displacement



Two dimensional lattice :



qx



qy L. Proville, PRB 71, 104306 (2005).



Eigen-spectrum of a KG lattice Increasing the coupling: H2 solid



H. Mao and R. J. Hemley , Rev . Mod . Phys (1994)



δ-TiH HCl



L. Proville, EPL 69, 763 (2005).



A.I. Kolesnikov, M. Prager, J. Tomkinson, I.O. Bashkin, V. Yu Malyshev and E.G. Ponyatovskii, J. Phys.: Condens. Matter 3, 5927 (1991).



C. Gellini et al., J. Chem. Phys. 106, 6942 (1997).



Quantum breather in a KG lattice



Wannier functions made of phonon bound states:



|Wα (t,j)>=



1 N



∑e



-i (q × j + Eα (q) Ω t)



|Φα (q)>



q



A. C. Scott, Nonlinear science, (Oxford, New York, 2003) . V. Fleurov, Chaos 13, 676 (2003).



site rank time



Summary and future studies



• Method for computing eigen-modes in KG lattice, testing • Identify the phonon bound states and quantum breathers



• Study the strong coupling limit and the effect of on-site disorder • Carry out a thorough study on a concrete case (simulate scattering cross-section)



- V.M. Agranovich, Spectroscopy and Excitation Dynamics of Condensed Molecular Systems, (North-Holland, New York, 1983), pp. 83-138. - A. C. Scott, J.C. Eilbeck and H. Gilhoj, Physica D 78, 194 (1994). - W.Z. Wang, J.T. Gammel, A.R. Bishop and M.I. Salkola, PRL 76, 3598 (1996). - S. Aubry, Physica D 103, 201 (1997). - R.S. Mackay, Physica A 288, 174 (2000). - J. Dorignac and S. Flach, PRB 65, 214305 (2002). - V. Fleurov, Chaos 13, 676 (2003).



Anharmonicity in few materials Some other practical cases:



HCl



C. Scott and J. C. Eilbeck, Chem. Phys. Lett. 132, 23 (1986).



M. Bonn, C. Hess and M. Wolf, J. Chem. Phys. 115, 7725 (2001); P. Jakob, Phys. Rev. Lett. 77, 4229 (1993)



Frequency (cm-1) C. Gellini, P.R. Salvi and V. Schettino, J. Chem. Phys. 106, 6942 (1997). See also A. Ron and D.F. Hornig, J. Chem. Phys. 39, 1129 (1963).



γ-picoline



F. Fillaux, B. Nicolaia, W. Paulus, E. Kaiser-Morris and A. Cousson, PRB 68, 224301 (2003).



V ( X ) = V ( X min ) + a2 ( X − X min ) 2 + a3 ( X − X min )3 + a4 ( X − X min ) 4 D. Colognesi, ISIS Experimental Reports, RB13182 (2002). NaH



LiH



γ-picoline



F. Fillaux, B. Nicolai, W. Paulus, E. Kaiser-Morris and A. Cousson, PRB 68, 224301 (2003).



Dynamical structure factor of a QKG lattice



q ω



Frequency (cm-1) F. Bogani, J. Phys. C: Solid State Phys. 11, 1297 (1978)



I.O. Bashkin, A.I. Kolesnikov and M.A. Adams, J. Phys.: Condens. Matter 12, 4757 (2000).



Dynamique non-linéaire des molécules et cristaux moléculaires



Expérience macroscopique: i



i+1



i+2



ml 2θ i + mg (1 − cos(θi )) Ei = 2 2



 ml 2θi 2  + mg (1 − cos(θi )) + C (θi − θi +1 ) 2  E = ∑ 2 i   J. Elder, P. Hamm et A. Scott, J.Chem.Phys. (2002) H. Mao et R. J. Hemley , Rev . Mod . Phys (1994)



Vidéo: chaîne d’oscillateurs couplés
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