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Chain model with one type of sites

H=— Z <t+aj+1a/ + t‘ajﬁla,>
I

=5 (o 7 )

/

Parity transformation and the time reversal:
Pa/P =a_y, PtEp = ¢+
TaT =a_y, TtiT = (ti)*

HPT = =37 (£ al e+ (£)' 3]y
/

Hermiticity:  t~ = (t7)*
PT invariance: t— = (tT)*

Begun A.M. Non-hermitian Hamiltonians



Chain model with two sublattices

2 1 1 0 0 1 1
P
- S —© = & =4 & & &
1 1 0 0 1 -1 -2 2

H=— Z[tXBb/Ta/ + tagbl 131+ tgaal, b1+ tgaal b
I
+t:\rAa;ra/+1 + tXAaja/_l + t;er;rbH_l + thb}L_lb/

Hermiticity: PT invariance:
(tag)" = tga (£25)" = tap
_ +oyk -
(tga)" = tag (tga)" = tga
— + _ —
(tan)" = tag (taa)" = tas
(tgg)" = tgg (tgg)" = tgg
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The model

Choose the following set of parameters:
+ _ — o + _ - .
tan = —tan = Ita, tgg = —lgg = ItB;
— . + _ p— __ -
tag = —tag = ig1, tga = —tpa = 182,

H=—i> (&bl — bl_))a +e(af,, — )by
!

+ta(afyy —a )ai+ ta(bl,, — b 1)br)
The eigensystem is determined by matrix equation:
HoVp = e(p)Vp,

where
. _ . p
tasinp ge 2sinj5

Hp=—2( 7 ", —
giezsing tgsin p

Eigenenergies:

ex(p) = —(ta+tg)sinp £ Sig”(P)\/(tA — tg)?sin’ p + 4g1g> sin’ g
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Weyl modes in a single closed Dirac cone

Expanding Hamiltonian around the origin:

0 _ ~(2ta &
Hp' =2 <g1 2tB> p
Diagonalize hamiltonian

HY) = Utndeey

diag _ (U+ 0
ne=(0 )

Then solutions of eigenvalue equation satisfy two-component Weyl

equations:
10 0
0 A
< i 8t+ >¢i(tx)—0
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Energy spectrum
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Two-dimensional lattice

CLOE CLOE (O (1) (1)) (LG (@) (1)

G200 (L[ L] (O (0] ()] (L] (251)

CLOY Loy (00 (o] (1;0f (1;0) (2;0) (20) H= *ZiZ[ﬁ(bly + b;Ty _ bif1 i bﬁy,l)ax,y
x5y

20 (10) (10) (0;0f (00 (1;0] (Li0) (2i0) i it i ’t
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1m0 (L] (1) 0mf (1) (@1 @1 (2i-0) : + + s
Ftala g, +a 00~ 31,y ~ y—1)3xy

(21 (LD (L) (©@e1] ©1) (1) (D) @it T + + t
+t3(bx+1,y + bx,y+l - bxfl,y - bx,y—l)bxvy}

(-1;-2) (-1;-2) (0;-2) (0;-2)f (1;-2) (1;-2) (2:-2) (2;-2

e A
o B

i Px _iby
ta(sin px + sin py,) o ( "2 sin pTX +e "2 sin p%)

Hp = —4 p
iBx iPy ) )
g1 (e' 2 sin ’%X +e' 2 sin %V) tg(sin px + sin py)

Eigenenergies:

€ = —2(ta + tg)(sin px + sin py)

+ 2\/(tA — tg)2(sin px + sinpy) + 4h (sin2 p?X + sin? % + 25sin p?X sin P?y cos Q)
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