Non-Hermitianquantum mechanicsand localization

Non-Hermitianquantum mechanicsand localizationNaomichi HatanoAoyama Gakuin University, JapanCollaborators D.R. Nelson (Harvard) A. Zee (UC Santa Barbara)N.H. and D.R. Nelson: PRL 77, 570 (1996) PRB 56, 8651 (1997) PRB 58, 8384 (1998)N.H.: Physica A 254, 317 (1998)Why non-Hermitian?

Why non-Hermitian?(1) Anderson localization Localization length(2) Resonant states Resonance lifetime(3) Flux-line pinning in type-II superconductors Vortex depinning transition- provides a new viewpoint of Hermitian physics- expresses physical phenomena effectivelyOutline

Outline1. Non-Hermitian Anderson model and delocalization2. Motivation I ____ Localization length3. How does the delocalization happen?4. Numerical examples5. Motivation II ____ Resonant states6. Motivation III ____ Vortex depinning in type-II superconductors g: �imaginary vector potential� (constant)V(x): random scalar potentialNon-HermitianAnderson model

Non-HermitianAnderson modelH=(p+ig)22m

+V(x)g=0: (conventional)1-electron Anderson modelContinuum modelLattice model

y k ~ e - x k = 0 e i A g « y y g g x

= � 0 e e e = 0 g = 0 :

g „ 0 : g k g k x e > + � k e y: ,

R i^i m ~ ~ ( )^2 2 y^k g x gx

R ~ e- +�

0y^{k~} e- x y

k

0

~

- x

e

Complex eigenvalue

at g g g

= � fi � =

c c

k

„y x 2

cl L E d m d d d d V x x g x x t t t t

t

( ) [ ] = � Ł � ł - � + ( ) Ø º Œ ø ß œ � 2 2

0 g H ” ( ) ^ F0 4/ p

E E i k i m res r_{= - »}

- G/ ( ) 2 2

2 g r re p pe

i i

fi fi

{

-

q q y

g

res

( ; ) ~

( )

r g e

ikr g r - -

0