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PURPOSE

lllustration of the interplay of
Edge State and Translation

PROBLEMS:

2D — 1D
Bethe Ansatz for 1D

Properties
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TBM:

Eun,m =i (Un+1,m + Up—1,m + Upm+1 T Un,m—l)



MOST SYMMETRIC EDGE
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Eun,m B (Un—l—l,m + Up—1.m + Upm+1 T Un,m—l) , nz1l

Boundary condition: (E — U)uo.m = —u1,m — S (U0, m+1 + Uo,m—1)



2D > 1D

Translation operator along the edge  Tup.m = Up m+1

It's eigenfunction  exp(igm)

Solution of 2D lattice problem  up m = exp(igm)u,

Effective 1D chain problem

E— UM (q)| up = — (tpg1 +un_1), n>=1; UM(q)=—2cosgq
E— U (q) = Uo(q)] o = —ur,  Uh(q) = U+ (1—s)U"(q)
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BETHE ANSATZ

1D edge state probem

Eq.: B, = & (un+1 + Un—l):r n=Jl
B.c.: (E — U) ug — —U

Eq. can be satisfied with up = exp(ikn)
what leads to spectrum E = —2cos k
Edge state: k — ik —> up = e "

K

Satisfying B.c. we obtain U = —e™ and edge state energy

E=U+1/U if U<-1



Energy + 4

SPECTRUM

in the case of the most symmetric edge

Continuum

0,0

q/n

1,0

~energy shift doesn’t

depend on g

energy shift depends
on q due to local
potential Uy(q)
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TILTED EDGE

two atoms in

/ primitive cell

two wave
function
components




2D > 1D

Translation along the edge suggests the following

: : Unm\ _ igm [ Un
solution of 2D lattice problem = e
Vn.m Vn
E { Eu, = (Un 1+ Upgr € an‘|’Vn 1): R
gs.
Ev, = (Vn 1 ‘|’Vn+1_|’un+1_|'f‘qun)a n=0;
s - iq
(E — U)uo (u + e My + sv_q ) _ } 3 cond.
(E o V)v_1 — (Vg =i SUO)
Effective 1D chain problem \ /4, oo




BETHE ANSATZ

U : U
Egs. can be satisfied with 9, = ( ”) — k7 ( )

Vi v
what leads to spectrum E; = —2cosk +2cos{(k — q)/2}

Two momenta k = £+ ik, k>0
in the case of given energy E<-4.

Using the superposition

(M) olkin A (U> sl
Vi V_

we have to satisfy 4 real B.cond
equations with only 3 parameters:
Re A, ImAand E.

257

We managed to do that, proving
' that the Bethe Ansatz works in
this tilted edge case.




NUMERICAL CHECK

1D chain equations in matrix format: (H — E) (u) —
"4

E+4

H diagonalization
for the ribbon of
30 primitive cells

\

Edge state energy
coincides with the
one obtained by
Bethe Ansatz method
within 6 digit accuracy

Edge state |
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SPECTRUM

in the case of the tilted edge

—

Energy + 4

Continuum

energy shift depends
on g due to the coupling
of parallel and perpen-
dicular motions

U=Vv=-15
S =

0.5 gl 1



CONCLUSIONS

e Edge breaks the translation symmetry

e Enlarging the primitive cell one can restore
the translation symmetry along the edge

e [hat enables to reduce the 2D problem
to 1D one, although by enlarging the number
of wave function components

e The 1D problem can be solved by Bethe
Ansatz, because the edge breaks the
translation symmetry only locally
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