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CONTENTS of this talk

1. Evidence of nonlinear excitations as solitons and solectrons in
molecular systems (solectrons = supersonic polarons) .

2. Localized supersonic excitations in the Toda/Morse chains and in
2d systems interacting with electrons, control of charges

3. “Tight-binding” model, solve simult Langevin and Schrodinger
equations, Pauli’s master equations, solve Kinetic egs.

4. Soliton-mediated electron control and transfer
5. Momentum distr and Fokker-Planck egs.
e Conclusions



- Ww of photo-electrons in pure

polydiacetylen crystals (Wilson 81-86):
Coherent fast electrons (up to 5 km/s) indep. of
electr field
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Qualitative sketch of results. combining data from of Donovan & Wilson (1981a) and Donovan & Wilson
(1981b). of photo-generation efficiency. and photoelectron velocity PDATS crystals, as a function of electric
field. The field varies over four decades.
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Femtosecond dynamics of DNA-mediated electron transfer
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Exp results: Nonl exc.-charge inhomogeneity
In cuprates (Reznik 07,Kohsaka 08, Zewail 08)
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Perhaps n'm-s.t notably, the low- ppseuﬂﬂgap excitatioms locally break

the translational symmetry, and reduce the C,; symmetry of the dec-
I . A tronic structure in each four-Cu-atom plaquette to C; symmetry in
3 7o m 9 Cu—0—Cu bond-centred patterns without long-range order™.
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Studies of excitations in molecular 1d
chains with Toda — Morse Interactions
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We will discuss: How to excite solitons, role
of interactions, noise-heat, riding, control



Langevin dynamics of atoms in chains/layers

The Langevin equation The Toda, Morse

and L-J potentials
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T=0 study mechanical excitations in Morse chains which
create moving local fields

Dynamics of the effective potential acting on electrons
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A deep minimum corresponding to the soliton
(local compression) propagates “upstream” COMPRESSION WAVE attracts charges
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The Morse chains including interaction with free charges:
Electrons are attracted by compressions: p(X,t) — max

external electncal fisld
local compreszsion
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—U mecnanical eXcItations = running compressions -

soliton-like modes in Morse chains
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N
morse chain (without electrons)
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Simulations of 100 Morse patrticles 2d
equilateral triangular lattices
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Compression density for 2d-atomic systems

(snapshots) A(X, 1)
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Interaction electron-atom and adiabatic
electron dynamics: e-density follows compress.

We study now the local fields created by thelattice particles acting on the free electrons.

cont p,.(X,t) ~ p(X,t) = p,sech ?(x — vt),

4
Uero

discr U (x,t) = ZUi(X_Xi); U.(r)= ity ' 7]

%,t) = exp(=U (x,1) 1k, T)

Ui(r)/Ue in comparison with a Gaussian(blue)
We assume : Ue ~ 0.1-1D.
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electron density in heated 1d-lattices - Boltzm appr

A landscape of local fields and local density in a chain at lower temperature.
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Two-dim systems: Snapshots
of distr of electrons
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Cont QM description (Davydov)
Ho =—-ayp(X, y,1)¢

p(x,t) = psech’(x&), &) =[x(®)-x©O)-vt]. 7| |
¢, (X,1) = Csech(x¢), E'(t) =[X(t) = x(0) — vt S |

~ - (PER,)
(P =y (P.D)] Cexp{ (hm)z}

P
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m guasiparticles (solectrons) first described
by Davydov = localized fastly moving
charges (several km / sec Iin solid)
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Discrete quantum mechanics:

Tight binding-model for hopping electrons
Hamiltonian of electrons on 1d-Morse latts

H =H lattice + H 5
V(I’):d(e_B(r_G) _1)2 _1] Hlattice: _ g_ln+2/(nj)

Helectron+ Hint:Z( EnCnCn +Vnn—1 Cn Cn—l_I_CnCn—l) )
n

- “tight binding” Hamiltonian for “electrons”,

+ Hint

electron

| C,, | gives the probability of finding the “electron” residing at n-th site

Vn n-1 :VO eXF{_ a(qn o CIn—l )] - VO [1_ a(qn o CIn—l )]’

cont.appr H. ~ayo(x) = Vo
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Discrete eqs of motion for Morse lattice +tight binding electrons

d;g gl faw) _f1_glona el

—2ioNoIn|C,,C,e %) —CC, %]

n+1~n n~"n-1

dC
dt

I A S g [ea(q%—qm)c _ea(qn_l—qn)cn_l]

n+1

Here g, is displacements from equilibrium positions, no energy shifts
| C,, | gives the probability of finding the “electron” residing at n-th site
and tau is the adiabaticity parameter separating the time scales.

V,.1=V, exp[— a(g,-q,, )] T ~V, a accounts for the strength of the coupling
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Cold lattice:Localization of electrons interacting with a soliton

i 0=1.75, V=0.1-05. 1=20.
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Vacuum-cleaning: Electron (starting at site 50) catched by

soliton (started at site 40). Below: Extract bound elec out of wells
a=1.75, V=6, 1=10,T=0
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m Switch off interaction
electron - soliton

m --> electron dispersion




Electron and soliton start in different rows or
2d triangular lattice - vacuum cleaner effect
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EXxperiments on control of electrons by acoust

exc/ solitons on surfaces :
V. Nayanov (Saratov) since 1982, monogr. 2005

New papers 2011 in Nature:

doi:10.1038 /nature10444

On-demand single-electron transfer between
distant quantum dots

R.P. G. McNeil', M. Kataoka*, C. 1. B. Ford!, C. H. W. Barnes’, D. Anderson’, G. A. C. Jones', . Farrer' & D. A. Ritchie'

= B = doi:10.1038/nature10416

Electrons surfing on a sound wave as a platform for
quantum optics with flying electrons

Sylvain Hermelin', Shintaro Takada“, Michihisa Yamamoto™, Seigo Tarucha**, Andreas D. Wieck”, Laurent Saminadayar™®,

Christopher Biuerle' & Tristan Meunier'
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First conclusions:

m The effects of dispersion / incoherence of
electron wave functions may be supressed
by nonlinear compression waves (solitons =
nonlinear sound waves)

m New quasiparticles (solectrons) first
described by Davydov => localized fastly
moving charges (supersonic polarons,
several km / sec in solid)

m Possible applications to control of electrons
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Finite T: Electron distr from Pauli equations
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E =E)+8E ,0E ~U (X;...0,_1,yrenr)

W . ~exp(—2a (g, —q,.)cexp(—ok, . /k;T) uphill
W_. ~exp(-2a(q,—q,) downhill

(according to Miller/Abr ahams/Mott et al.)
master eq.

d
p” = 2 WPy =W, P,)
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EXM of the electron density in a therm soliton

system:Electrons ride on thermal solitons; Kohsaka-exp CuQO !




= xaipISNGItheelectron density in a therm soliton-

bearing system:l.h.s. simulation of electrons on th. Sol.

r.h.s Kohsaka: topogr curr dens in underdoped cuprates
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Diffusion and transport is modified by the new
coherent electron dyn. riding - hopping
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Solitons interacting with Hubbard pairs

|y (r)y = E P mn {{Pm} {":_i"m "lTHHJ- 0} ,

LI |
. dppn
{ A — T {EKP[_ ¥ (Ggm+1 — fj'.l'.l':l_}] P n + 'E}'LP[_ o '[:-fi’rrl — §m—1 }] Pm—1n
= EKP[_ 4 [ff.u+l — &fn) ]d-’mrr+l N EKP[_ o (gn — ":?.u—l:'] Prn—1 }
+U¢mn5nm:. (45)
"5‘{2'5:".!1
d:2 [1 —exp{—(gn+1 — gn) Y exp[—(gn+1 — gn)]

—[1 —exp{—(qs — gn—1) }] expl—(gn —gn—1)]
+ el EKP[_ o 1L"E!rrr-l—l — 'ffrrj' ]

Z‘, {[*:{';,J_H‘i*mn + ":f";ﬂr"i}mn-l—ll + [¢:+Lm¢'nm + *#}:m‘?f"ﬂ+lml}

irl

—aV exp|l— a (gn — gn—1)]
Z { [';b:-rrr*i}m?!—l = ¢':7n—]'¢’rnii] - [ﬁﬂ‘:m{?f*n—lm =+ ‘if":—]m‘?f"nm]} : (46)



me pa¥ o! e‘ec!ron pairs: depend on Hubb

repulsion U + left below time evol alpha=1.75, V=.1, U=0.05
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Momentum distributions FPE:
Study trajectories of velocity of thermal solectrons

In a 1d noise-heated lattice = velocity distributions
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Kinetic potential of quasi-classical
solectrons = like driven BrO\gvnons

E(V) = M[v2 —glIn(l-a|v|+dv?)]

oP (v, t) E—_ B[@E(v) P KT @}
ot

R (v) =Cexp[-FE(V)]

like driven Brownian particles, like ?

B KUNKOM FeJHH 3AKOH JHCNEeDCHH 3JeMeHTAPHLIX BOoS0y3KICHHN
nMeeT cpopmy H3OGParKeHHYIO Ha pHc. 2! mocJjie HaYalbHoro i e
aaaaaaaaaaaaaaa dyHKUEA £ () ACCTHraeT MaKCHMYMA, ATED

E(v); velocity potential

e
gK
P
_1 I I ! I I
--------- P 0 05 1 15 2 25 3
Px
vOeIBaeT npH T penesies HoM HATEeHH HMILY N Po TIDOX A%

TAPHBEIX BO3OYALICHHNH B XMHIKOCTH HMEeeT SHePriuid B oG Jdacriax BoJaHS
MHHHMYMOB dyHkumud e(p), T.e. B o06JacrH MaJdbx & (0GJaach
BOGnHz e —0), €4 . B ©6.IACTH SHATENH S e (pgy). INlosromy
ofaacTu oc coGenmno © cyimecTBeHHbl. BOauan T04YKH p = pydpy:
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Fokker-Planck equations for gumech

solectron-quasiparticles (Gogolin 88)

o (p) , 2 (p)

ot op

5 de(p) 1 of (p) :
%B(p){ o T op }

E(v); velocity potential

_1 ! I I | |
0 05 1 15 2 25 3
oM 3AKOH JHCTIEPCHH DIEMEHTADHLIX BO3GY KACHN]

e Ha4YaIbHOTO JIHHEe)

B OKHAK TeJIHH 3aKOH I
uvMeet popmy, HsoOpazKeHHYIO HA PHC. 2: moca
HOTO BO3pacTaHUs HEKLL

HA &(p) LOCTHTAGT MaKCHMyMa, 3a e

(p) =1 —{p* ~aIn(i-a| p| +dp*)]

R, (p) =Cexp[-Be(p)] .
like driven Brownian particles g

or Landau rotons ?

yOEIBae npH O eJIeH HO! €HUH
yepes M mMyM ). B rensoBoMm oBEC
TapHBIX Oyacien FHLKOC eeT SH
MHHEMY hysKL e(p), T oG
B6mH3n e =0), B JTACTH 3H A & (p,)
o6aacTu GeHH 1©C TBE HHBL 3H T



Ref on e-transfer, TBA, Hubbard pairs
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Anharmonicity and soliton-mediated transp In:
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m Brizhik et al., PRE (2012)

m Hennig et al.Phys.Rev B 73(2006) 024306, Phys.Rev.
E 76(2007)046602;78(2008)066606

m Velarde et al.: Int.J. Bifurc.&Chaos 18(2008) 19(2009),
Int.J.Quant.Chem.(2009-2011)

39



Conclusion:

m Not only at T=0 but also at moderate T the
effects of dispersion / incoherence of electron
wave functions can be suppressed by nonlinear
compression waves (electron is guided by
solitons or loc nonlin sound waves)

m New quasiparticles (solectrons) first described
by Davydov = localized fastly moving charges
(supersonic ~several km / sec in solid)

m Electrons coupled to the lattice/fluid excitations
may ride coherently several ps on the solitons
like surfers. Electron diff/transport=enhanced.



Thank you for attention!
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