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c a n apply t h e technique from
S e c . ( B ) .

122Topologyoffloquetbands
tacreatingtopologicalphases
byhigtenfrequencymodalah.ae
Grapheneinnachiatedbgärcularpolarizedliges

low-energy Hami l ton ian o f Graphene
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E H

= F - (6×7×9× + 6g 9-g)



where § = E - gÜ g = I n

G - Sub la t t i ce T-Val ley K A K '

⑤ „with ehm. driving

¥ ( E ) = NE#Tx (gxteAXHD-tbglqyteA.gl))

Where
#=-Aolsinotextswilwt-9) Eeg)

(567)

4 a l l o w s t o t u n e polarization.

high-frequency l i m i t w D e t t o r i

⇐68 ¥ ( E ) = Go TELE"!!""]
= Go - KAY

!

since G E H

T E E
⇒ photoinduced g a p A - n )

15691 D = 2 KA!

!

sing

vanishes ten l i n e a r polarization 4 = 0 , 4

chirality generated by c i r c u l a r polarized light!

⇒ Floquet topological insu la to r
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Kitagawa
e t a t .

PR B8 1

235108
( 20h )

. : >°

c h i r a l

edge
m o d e s

• HgTeledTe heterostructures w i t h circularpot. light

A s e c o n d example where fastperiodic deine create at o p o l o g i -i n su la to r a r e HgTe lC a t e heterostructures

T h i s system c a n s h ow a A S H E (Brenarig, Hughes, Zhang
S c i e n c e 3 1 1 , 175712006)) a n d i s T R symmetric



H o t I I I = (¥"
!

4×4Rtl)
sub-block157N I N = sai l l tätät ! Hamiltonian

ÖLE) describes spin-orbit coupling. Thespectrum
has t w o doubly-degenerate subbands

⇐ E t i k e t t ) ± lässt d

!"

W i t h i n each o f t h et w o sub-blocks o f I I I ) o n e
f i n d s (opposite) C h em n u m b e r s (

H D ( ± = ±#GE (G)xffgf.ci
a r o u n d t h e T-po i n t

⇐ ÄH) = (Alex,Akg, M-BE)

Where A-< 0 , B > 0 a n d M depend o n t h e
t h i c k n e s s o f t h e quantum W e l t . O n e c a n

S h o w t h a t f o r t h e s imp l i f i ed b a n d structure w i t h (574)

$753 ( ± = ± [ 1 + sagen (¥ ) ] 1 2

S o changing t h e sign o f M modifies the sub-band
Chem n u m b e r by 1 .
Note t h a t ( ± + C-± = 0 by T R symmetry



• s t a r t i n topological t r i v i a l s t a t e

(576) M < 0 ( ± = 0

Lindner, Refad, Galitski, Nature Phys I , 49012011):

⇒ topologicalphase t rans i t i on from 1 4 < 0 t o M >0

by per iod ic d r i v e : .

⇐76) V = F . E c o s I w f )

To c o n s e r v e T R symmetry:l i n e a r polarized light.
• Effective Floquet Hami l ton ian f o r s u b - b a n d

In → I F (E) = E r h ä l t

#

+ F E I E EIF
Floquet Chem n umbe r o f s u b - b a n d

⇐⇒ E I = I I . Säh

#!

×

Gig) i n

a n d
⇒ n o edgestates

when starting four
M L 0 d

CE=C edge
. sta tes

(57-8)



(B) Topology o f Floquet b a n d s beyond

eftectivettami-The.ve
a r e important generic c a s e s where t h e Floquet

Ham i l t o n i a n d o e s not capture a l l topological properties.
T h i s i s d u e t o periodicity i n quasi-energy

• the re i s n o "top" a "bottom" i n
Floquet spectrum

• continuous ba nd o f quasienergies mag
W i n d a r o u n d t h e Floquet Br i l l ou in
Zon e a n integernumber o f t imes when
t h e lattice momentum t rave rses t h e

B r i l l o u i n z o n e .

$ " !

E

!!! %

..

→ k



*

%!"!! !!!"$" !

physicalconsequenaofquasienerggwi
ndie quantized b a t h transport i n I D Floquet

System ( E Thou less pump) i n Floquetogde

average group velocity of Floquetband
•

(579) Üg =

"

fdkf.f m

= a ¥
a : lattice
constant

B Z

⇒ J x = ü gT = W a

I n e a c h cgkewanihaaf charge a r e pumped

Floquet operator

Uns ( k , T ) = T expfifdFHDCK.LI)



⑤79) h=I§¥Tr{U5kHi¥↳G

G N V W i n d e x (Gross, Nesm e , Vogts,Werner
Comm. Ma t h . physics311,419120K)

I n general b a n d s wi th opposite v i s wh i c hao
T h e n transport v a n i s h e s . Hybridization g a p
~ 1 1 W . I e . f o r W → 0 i .e . i n t h e l i m i tof s l o w
i .e . quasi-adiabatic d r i v e

• n e w topological t rans i t ions du e t o
periodicity i n quasi-energy

¢ I n

p
-

S I A
gap I n e v e r doses, s o edge m o d e i n the middle
canno t disappear b u t quasienergy gap b . m a y
c l o s e a n d

( = I i → ⇐ 0



Spectral f l o w :

IIIYIY.fffajgemodesata.am#
b e l o w a b a n d mu s t b e equal t o Chem

⇒ emergence o f n ove l "edge"mode s
a t top a n d bot tom i .e . a t E = ± w k

i n a d d i t i o n t o t h a t a t E # 0

a n om a l o u s edgestates ⇐ =

❤


