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Theory of optical responses in the ordinary
and graphene quantum Hall systems

(ODoOo0DO00o0oboOOoOoOooOoooo
O0D0O0oooooboooooo)

HRN U o

vgooobobobobobooooooooooobooobobobobOobobobobo
gboboooobobobobooooooooobobobobobobooooooooDo
gboboobogbouoobooboobbobbooboobooboobobooobobobo
gbobooboboobobboobobobooboobooboobbobbobboobad
bCOOOOOoOOOoUODOoODOOOOOOOOO0OOOODOODOOODODOODOOD
ooooooo0ooOoooOooboOoboOoboooobpCcOo0obDboOobDboOoboboOoboooo
goboobooboobooboobooboooboobooboooboooboobobon
goboobooboobooboobooboboboboooboobooboobooboo
goboobobooboobobooboobooboobooboobboobobooobobOon
gobooboobbuooboobboobuoobboobooboobbooboo

gobooooboooboobobooboobooboooboooboooboobbooboobooOoo
gbobogboooooboobobobobo3soboboooooobobobooboooooon
00000000000 00000000 2DEG)0O0O0O0OOO0O0DO0OOOOOOODODOOO
gbobooboobuoobooobooboboobboobooboobuooboobooboab
gbobooboobobooboboobooboobooboobooobooobooboobooobooo
goboobooboobooobooobooobboboobobobobboboboobooobon
gobooboobooboobooboobooboobooboooboooboobobon
000000000000 00000000 2004-20060000000000 (Geim)DJOO
goboobogbooboobooobboboboobooboobooboobooboboo
000oo000oO0o0oooO00o0o00U0A0000 WRAOOOODDODOUOOODOOOOODOO



N
o EE,,O

I
-
ou

ny(wva) h/62

THz

Figure 1: 0000000000000 O0O0ODOOOOOOODOODO0ODOODODLOOOO
owy(ep,w) 000000 ep,w00000000O0

0BOOOOD VBOOUOODDOOODDOOOODODOOODODOOODODOOODDOOOODOOO
boboboboboboboboboboob

ooooobOooo2bEGOOO0ODOOOOOODOOODOOODOODOOODOODOOD
obobobobobobobobo

1. 2DEG 000000000000 O00O0O0O0D00000DO
2. 0000000000000000000000000
3. ACO0D0D000D 04p(w) —04y(w) 0000000

4. DO00OO0ODOOOODbDOobOOobOobODo
oboooooooogon
e 2DEGUUDNU00ODOUO0ODODODODODLOODODUOUODbDUOUODbDOOD

2bEGO00D0O0O0D0OOO0DOO0DOO0ODOOU0ODO0ODO0ODOODOOODOODOODOO
gobooboobooboobooboobooboobooboooboooboobobon
00000000000 0000000O00DO00 2DEG)DO0OOOOOOOOOOOOD
0000000000O0000o0o0oUoO)ooo0ooo0o0ooooOo0ooUoOo
goboboooooooooobobobobobooooooooboboboboboooooon
gboboooobobobobobobooooooobobobobobooboooboooDo
gboboooooboooboboboboboooboooobooboboboooooooboooDo
gboboobobooboobooboobbobbooboooboobooboobboboo
000000000 ACOOOD0O0O0OO0O00U0D0O0O0OOOOUOOODDOODOODDOO (AC)O
00ooo00ooooooooCooOo0oOo0oUoooooooDoObD ACOOooooooo
gobooboobooboobooobooboooboobooboooboboobobooobon
goboboobooooboooboooboboooboboooboboboooboobooooobooon
00o0o000O0O0ACOO0O0ODOO0ODOO0ODOOO0ODODOOOOOOOO0OO0O0ODOOODOO
0000000000000 OO000O0o0oOoOoUoO0O0oooOoUO (o 1o



0.6

7. e

- F ' \ = 04 ~ve =

L (>L ~ b Cr2_. ep/hwe ]
2 & s L 03 /"' wl’=80 1, o S\
T, . L5 wide) | 2oz a5 |3 988 ]
— [ | A 0.
= 30 0.1} L60, | ¥ 003
= 35 Lo (<L) ' L=, 1L'=40 5 8(1)2 W

0.0

-04 -02 00 0.2 0.4
U_I;y(EQ/h)

0203 05 1015
wl*

ac region

Fiewe 2 00000000000000000  Figuwe 3: 05 (w) — 0gy(w) 0000
00

gooobobbobooooooooobobbooooobbooooobbobbbboOoOoo
gbobooooooooooobobobooooooooobooboboboboooboonDo
gbobooooooobobobobobooooobobobobobobooooooboooDo
Oooo0ooo AcOodoooooooooooooooooooooobocoooogoo
0 (THz)OOOOOOOOOOOOOOOOOODEGODOODOOOOOOOD

e D UOOODLODOOOODLDLDDUOUOOODDO

000000000000000000000000000000TKNNOOOOOOO
000000000000000000000000000000ACOO0O00000000
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000

000000000000000000000O02DEGOOOOOOOO0000000
000000000000000000000000000000000 W(w,L)O0OO0OO
0000000000000 00000000000000000000000000000
000000000000000000000000000000000ACOO000000
0000000000000000000000000000000000000000 DC
000000000000000 ACOD00000000000000000000000
00000000000 1/1000000000000ACO0000O0O0O0O0O0OOOOOO0
0000000000000000000000 THOOOOOOOOOOOO0O000000
oooo 2o

e ACODOOOOD 0pp(w) —0gy(w) 000000

OO0o0oO0oOOo bCOOO0OO0DOOO0ODOO0ODOO0OOODODOODOOODOOUODDOODOOO
ooobbobooobobobobobobobDU0obUobod PuiskenDOOooobOoOOO



OO0 -0,y J0000000000000000000000OO0OOOOOOOOOOO
000000000000000000000000000000000000000000
00000000000000000000000000000O0000000000000
00000000000000000000

00000000000000000000ACO0O00O0O0O0O0O0O0OOOOOOOOO
000000000000000000000000000000000000000000
O0ACOODD 04(w) —0ay(w)000000000000000000O (00) [3]0AC
000000000000 DCO000000000000000000000000000
00000000 O000000000000000000000000000000000
000000000 ACOOOODOD000000000000000OO0000000000
Ooooooo

e OO OOODLODLDOOOOOLODLDDOOOO

gobooooooogooobooobooobooboboooobobboobobooooobobooono
gboboobooboooooooooooooboboboboboboooooooboooDo
oooopbpooDOoO0oOooooooDoo0ooooooOOO00O0DbO0O0OODtrigonal warping
gboboobogbuooboobooboobboboboobuoobouoobooboooan
0000000000000 0000DOCOO000 ABAO ABCOOOODOODOOOOODOOO
goobooobboooboobbooooboobboobuoobooboboobooobobon
goboobooboooboooboboooboobooboobooboooboobooboonbobo
UoobDOobooboooooOooUtrigonal warping OO0 OO0 OOOOODOODOODOOOOO
000000000000 0DO000O0ObO00O0O0ObO0ABADODDODODODODOO
000000000000000000000000000ABCOOOO B3000000O0
00000000000 2DEGOD xBOOOO0OO0OODOCOOOOOOODODODODOO

0000000000 2bEGOOOO00O00OO0ODO0DO0DO0ODO0DO0OO0OOO0O0O0OD
goodoobbobobotbdooooobbtboooob bbb boooo
gooooooobobobobooogod

[1] T. Morimoto, Y. Hatsugai and H. Aoki, Phys. Rev. Lett. 103, 116803 (2009).

[2] T. Morimoto, Y. Avishai, and H. Aoki, Phys. Rev. B 82, 081404(R) (2010).

[3] T. Morimoto, and H. Aoki, arXiv:1108.1898.



