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Two cases of time-dependent magnetotransport

Wave packet transport Modulation of a current

@ Static potential @ Plane in-wave —
. . sharp in-energy F
@ Elastic scattering P &Y

@ Time-dependent potential
@ Life-time of quasi-bound states ! P P !

and resonances @ Potential flashed smoothly

on and off, not periodic
@ Delay times P

@ Inelastic scattering
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Asymptotic regions, both cases

Landau gauge: A =-Byx — B = Bz,

Equation of motion

h2

Ny
mamqnt)—{ 2m*<v2—l§m%

Fourier transform: (z,y,t) — (p, y,w)

dp dw’

Wir, 1) = or 21

Separation into modes in (p, y)-space, (s. A. Gunitz, PRE 51, 7123 (1995))
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H.O. eigenfunctions ¢,(q,y), (not orthogonal for different ¢'s)
Frequency €, = /w?+ Q3, cyclotron frequency fiw. = eB/(m*c)

Shifted by o = qaZw./Qw, new length scale ay, = \/h/(Mm*Qy)

For a static system:

Energy bands

(g0 g _ (R0

Enq = hw?zq = E’I? + Uw 9 ) 19)
w

With band edges E? = hQ,(n+1/2) for n=0,1,2,---
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Wave packet propagation

Wave packet

@0 (p,w) = 2mgn(p)d [w _ Enp]

9n(p) = Sunr exp [—7(p — p0)?]

and the Green function

1
P ) = (Y am)? — (pa)?
with
kn(w)ayw = (hwU—wEg)
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gives a Lippmann-Schwinger equation

*° dqay
27

oulp0) = E(p.0) + Galp) [

—00

Unn'(p5 @) (4),

where -
Unn' (P, @) U = / dy ¢3(a0,y) Vse(p — ¢, ¥)n(ps ¥)

With a T-matrix

* dkay,
Tnn’(p7 q,(U) = Unn’(pa q) + Z/ ? Unm(p7 k)Gm(kaw) Tmn’(k7 Q7w)
m —0o0
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the wave function

V(z,y,t) =Vo(z,y,t) + Ve(z, 9, t)

with the in-wave

Vo(z,y,t) = Z/ dp gu(p)dn(p, y)e e —m?)

n

becomes
it Qwgnt [k (W)]
w wt
(@411 Z/Eo,/h 3k, () |

> dpay ipT
X Z /oo ?Gn(p,w)e P Tnn/(p7 kn’(w))¢n(p, y)
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- or graphically

V(z,y,t) =Vo(z,y, t) + Vee(z, 9, 1).

before and after scattering
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Propagation of a wave packet

Static potentials

Antidot

V, [meV]

oMk ®

Parallel double dot

Vg4 [meV]
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e Calculations implemented on the cluster jotunn.rhi.hi.is

@ w-integration programmed for parallel execution

@ Large calculations:

e 20 nodes —~ 40 hours
e 3 GB of memory used on each node
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Antidot

Static conductance — wave packet
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Antidot, B=05T
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Antidot, B=10T
t=0ps t=15ps
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Parallel double dot
Static conductance — wave packet
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Parallel double dot, B =0.5T
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Parallel double dot, B=1.0T
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Current modulation

Vee(r, 1) = Voe 57" et cos (Q1), view at ¢ = 0:
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Vo = +1.0meV, Q = 0.2Q,, v = 1.002, 8 = 1 or 4 x 10~% nm~2, — one smooth flash
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Plane in-wave
‘P?n(%w) = (27T)25(q — ky)o(w — W?zq)(sm,n
Green function
{h(‘u - h’uqu}Gon(Q7w) =1
T-matrix

dk dw’
Tt (qw, pv) = VE, (qu, pv) + Z/ o o Ve (qw, ko' )G’” (kW) Ty (kW' pv)

and full wave function

d d
(I‘ t) = ez(knz w ¢n(kna'y)+2/ g W igz—wt) Gm(qW)Tmn(qW knwnk)d)m(q y)
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Left and right current of state «

with hD, = (p. + (e/c)Az) = W(—i0, — y/1?)

/

T h o T * '
iz )e = pe{ [ dvwity oo

|

@ Contributions from any point in sc-region for all earlier times

@ Calculate for state o at Fermi energy

@ Inelastic, any outstate possible, evanescent states explicitly in G

Vidar Gudmundsson (RH)

t-Transport

2007-09

19 / 27



Smooth well-like pulse Static conductance
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l T _ — l T 4 2 4 2
I;and I, B=0.1T, Vo =—-1meV I, — 17, B=1x10"%am™2, 8=4x10"% nm
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W2, B=01T, Vo=—-1meV, 3=1x10"% nm~2, E = 0.75E,
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W2, B=01T, Vo=—-1meV, 3=4x 104 nm~2, E = 0.75E,
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Smooth hill-like pulse Static conductance
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AL, B=04T, Vo=+1 meV, AL, B=04T, Vo= —1 meV,

=1x10"%*mm 2, 8=4x10"%nm? =1x10"%*mm 2, 8=4x10"%*nm?
B




W2 B=06T, Vo=+1meV, 3=1x10"% nm~2, E = 0.63E,
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Conclusions

Wave packet propagation Current modulation
o Lifetimes of resonances @ |s modulation of current
@ Spreading of wave packets by possible?
resonances and magnetic field @ Inelastic scattering
@ Mode-mixing — onset of @ Releasing of quasi-bound
skipping orbits states?

@ Magnetotransport in general smooth geometries

@ Coulomb interaction, many-body effects?
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