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Outline

2d  Topological  phases  crash  course.

Light-­‐induced  topological  insulator   could  it  be  done?

Motivation:  photo-­‐induced  phases.



Photo-­‐induced  phases:  Examples
photo-­‐induced  transparency:

photo-­‐induced  zero  resistance  states  in  2DEG  in  a  magnetic  field:

B

Can  we  have  a  photo-­‐induced  topological  insulator?

(coupling)

(Mani,
et  al,  2003)



Topological  phases:

An  introduction



First  observed  topological  insulator:  
CdTe,  HgTe  heterostructures

HgTe

CdTe

CdTe

Bernevig,  Hughes,  Zhang  (2006)
Koenig,..,  Molenkamp..,  Zhang  (2007)
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First  observed  topological  insulator:  HgTe
HgTe  dispersion  (per  spin):  Dirac  cone  with  small  band  gap  
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What  makes  a  phase  topological?

TKNN  invariant:
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The  simplest  model   Kane-­‐Mele  honeycomb  lattice
Kane-­‐Mele  model:  

Honeycomb  lattice  with  2nd nearest  neighbor  hopping

ij
sjsi cctH ,,
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The  simplest  model   Kane-­‐Mele  honeycomb  lattice

ij
sjsi cctH ,, z

ij
sjsi ccddiH ,,21

||k

yyxxF kkv
z z

yyxxF kkv
z z

dH 0

ddn

Nearest  neighbor: 2nd nearest  neighbor:



3D  Topological  Insulators
Dirac  cones  on  the  edge  planes:

zx
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Topological  (non)-­‐insulators
Experimental  overview:  Topological  (non)-­‐insulators

32SeBi



Can  we  induce  a  topological  phase  with  radiation  effects?
Start  with  non-­‐topological  HgTe  wells:
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Irradiation  effects
Start  with  non-­‐topological  HgTe  wells:
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Irradiation  effects
Start  with  non-­‐topological  HgTe  wells:

ztAcos



More  honest  analysis:  Floquet  Hamiltonians

Periodically  varying  Hamiltonian:
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Floquet  operator:  
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Irradiation  effects

)(exp 21
0

pnssHdtiS S

T

Start  with  non-­‐topological  HgTe  wells:

ztAcos



Floquet  topological  phase
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Floquet  topological  phase

0 dH

zppbmypxpd yxyx )( 22

ztAcos



Geometrical  considerations
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Rotating  wave  approximation:
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Equilibration  in  a  Floquet  topological  phase?  
(Work  in  progress)

Phonons  can  provide  bath  for  low-­‐energy,  low  momentum  relaxation.



Experimental  realization  In  (Hg,Cd)Te  wells?

Using  Zeeman  coupling:

mTB 10~

K1.0~

HgTe
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CdTe

(Initially  Non-­‐
Topological)

ztB cos
(Tera-­‐Hertz    frequencies)  



Stark  effect  magic

HgTe

CdTe

CdTe

Electric  field:  
Linear  Stark  effect  enhancement
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Summary  and  conclusions

Periodically  modulated  systems  could  be  used  to  stabilize  unique  

quantum  states.

Topological  insulator  on  demand:  modulate  the  subband  gap.  

Open  questions:  

Relaxation  into  a  steady  state   will  the  unique  properties  shine  out?


