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Outline

The wave packet dynamical method

How to prepare the initial state?

Bloch function wave packet construction

Bloch function wave packet scattering on defect
Band structure in kinetic energy operator

Describing
- infinite 2D crystal with kinetic energy and
- local defects by potential energy



General principles of the
wave packet dynamical method (WPD)
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Scattering of a hardcore potential

2D

Probability density

> t|me

Real part of the wawe packet




Carbon pseudopotential
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Time dev.— 2D sections

T =10.00 fs. Init1al WP in tip bulk

Empty graphene sheet

T=3.14fs. WP begins to
retract from the tip apex
into the tip bulk

Note the switching of the spreading
direction from that corresponding to the
C-C' bonds to that determined by the
band structure
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Modelling the transport
through a grain boundary

Model system — STM tip and
two graphene grains

Calculating the transmission

R . )
J(FB) = = [V — py]

T(E) = Itransz(E)/Ibe(E)

P. Vancso et al, Appl. Surf. Sci., vol. 291, pp. 58-63, 2014.
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How to create precisely controlled
initial wave packets?
Build them from Bloch waves!

If V(7) is periodic:
=7 (7T ikgiochT
(p(r, kBloch) = u(r, kBloch)e Bloch" \where
u(?, kBloch) is periodic and kg, is the Bloch wave vector.

These (p(?, EBloch) functions are called Bloch functions.



Graphene Bloch functions

eiEBl"Ch? u(?, EBloch) ‘P(?; EBloch)

(P(?), EBloch) = U(?, zBloch)eizBloch‘l_‘)



Construction of wave packets
from graphene Bloch functions
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Time development of a
Bloch function Wave packet

Pristine graphene

Graphene with defect

Difference of (f) and (c)




How to make WPD for other
materials?

* |n the split operator method the kinetic
energy is calculated in k space

A+B A2 B A2
't = 1B d

Exp[—%ﬁﬁt] ~ AW(’_;J) = F(_l){Q#/ZFlW(l_’},I)]}

~ Exp —15& —15&
hi 2 h2

Exp[— %I}&]Exp

This is nothing else but the E = k?/2 free space
dispersion relation ... what happens, if we modify this?






Test case: graphene tight binding
dispersion relation



Graphene TB dispersion relation

k I2_|

Eip=0 + AY?B

A=3+2cos[k:(a;+ay)]+2cos (k-ay) +2cos (k-a;)
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Time development — K and K’ point
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Graphene and MoS, dispersion relations

Graphene conduction band MoS, valence band MoS, conduction band
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MoS, wave packet dynamics

MoS, valence band

G. I. Mark et al, Phys. Status Solidi Basic Res., vol. 254, no. 11, 2017.
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Inserting physics in both the
kinetic and potential energy operator

e H=K+V
* K(k) kinetic energy operator, defined in k space,
describes the infinite crystal lattice

e \/(r) potential energy operator, defined in r space,
describes the local perturbations



Wave packet spreading on graphene
without and with local defect

K(k): graphene tight-binding
dispersion relation
V(r)=0

K(k): graphene tight-binding
dispersion relation

V(r): localized defect,

Vy=-2 eV. AX=0.48 nm

* Probability density of the difference wave function,
Abs( I:)Siwithpot - I:)Sifree )2

e Scattering dictated by a “modified Huygens principle” — the local
scattering has a hexagonal pattern, because of the anisotropic
nature of the graphene dispersion relation




How to proceed?

e Calculate WPD for more 2D materials

 Multidomain method: different E(k) for
different regions (e.g. grain boundaries)



THANK YOU FOR THE ATTENTION!

QUESTIONS?



	Slide Number 1
	Outline
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Time dev.– 2D sections
	Slide Number 7
	Slide Number 8
	How to create precisely controlled initial wave packets?�Build them from Bloch waves!
	Graphene Bloch functions
	Construction of wave packets�from graphene Bloch functions
	Time development of a�Bloch function Wave packet
	How to make WPD for other materials?
	Slide Number 14
	Test case: graphene tight binding dispersion relation
	Graphene TB dispersion relation
	Time development – K point
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Graphene and MoS2 dispersion relations
	MoS2 wave packet dynamics
	Inserting physics in both the�kinetic and potential energy operator
	Wave packet spreading on graphene without and with local defect
	How to proceed?
	Slide Number 27

