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Landau Level Spectroscopy by Optical Angular Momentum

Hirohisa Takahashi

We report an optical vortex-induced current via absorption of the optical angular momentum by a Landau-quantized two-

dimensional electron gas and its selection rules based on my doctoral dissertation. The optical vortex beam has the characteristics

of carrying the orbital angular momentum £71. We show that the lowest Landau level electrons in the circular-shaped sample absorb

the optical vortex beams with o = 1 (positive helicity) and £ = 0, or 0 = —1 (negative helicity) and £ = 2. It is also shown that the

optical vortex-induced currents are distributed along the sample edge. The induced current disappears when the dark rings

reflecting the spatial profile of the optical vortex beam coincide with the sample edge. This leads to the oscillational behavior of the

intensity of the induced current in the change of the magnetic field. This scheme may provide a helicity-dependent absorption using

the optical vortex beam.
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0.06
2.0+

= =

_E- -S 0.041

S, S,

< <

'EL‘ E~ 0.02

BIT] i BT

E7 EEALOES a= 0.01 DX ED |F'| ONERRESKTE .
6 LRILHBEDELDTH B, miF (2019) [15] & O —EHELE,



214‘

JeAEB RIS & B T v & #EAL O

bDTHE, WTFNOFATOIREIELHE 2L T 5
D, Y — 24 OFRLHARBIREEROFELS B OHEine
EQITNE Y, WEB R 2 ) B B FYopt 0 c
BBl THb, i, CORBOEYIE, B> 1 Tl
Do/2M\aRTH X 6N B, ZHIZZDESD (24) DXy
VBB DRI IE A3

5 (AR L 23, MeaR o 2+1
T & SN o =

Ly,

ZOaYA Y DY 651 5o
5. REFEDRE

AETE, B|A2OHMBIEREEBRTHET A0 H
HBIZo20TEm L, REZTT,

51 RNytILE—FHABE—LOEMAE
FKaEH LRy EVvE— FREE — 4 OERFEC
DVTHEND, ZhlllE, M8 LH>Ic7Fvarv X
LIREN 2 P IR v~ DICLGE — PGl e — & & R4
T5 2L TEBTRETD 5[20].

Aedivon lens Bessel beam
, —
o —
[ !
L W _
LY ‘\ A
S W W S
| i — |
Gauss beam
or LG beam Zmax >

B8 7F2IOAVLYXIZLBIRNYEILE—RIAE—LDER
Fit. BEOBHICERING. B (2019) [15] & D Erd#k.

L7z >T, LGE— FRBE—2DERT HHLEND
573, LRANMMR[21], 72, 74+—2ROknu s
Z 5 [22] P RIREAN T A Z L THRETH B,

52 2RABFHADEREE

¥eW T, 2ZRILBFH ZDERFEICODOTHENL, =
UL T TICEL K OB/EFICHEB SN TE Y, BRETH—v
R DR NN - 72 GaAs/AlGaAs ~7 n i n A4
TH5H[23] KOUIRT &L 57 GaAs & AlGaAs O FRHIC
QRTEFH ZANEHR SN,

FAaDHLELTIOD GaAs/AlGaAs ~7 v fi & )
ETAHLL, BTEWEREDS m) = 0.067m, = 6.10X10~ %
kgl 7> T, RIOPMEHPEHS NS Z LICHEREET
b, COLEY A s b uREEIE B = 10T T 4.19
THz f2EEC 2 5,

AlGaAs

. 2DEG

B 7 GaAs/AlGaAs NTOBEOHER, HICRZEETOESS
L, PICHIGLIENY RiEEER Y. CORMIC2RTETFH
ANEL 3. =18 (2019) [15] & D Exd#.

5.3 ABFERERORERSE
FeimFAEEICE T A4 OB R 2RI T A9 D
EBRTEORE#1TI>0 —PIELTRIODL ) > 2T
LERNT Do THME — 2 DEHIZOVWTHENS, 7
AN ORRANELR YIS, FlziiE, BTRS
GaAs/AlGaAs ~7 nifE D4, THz HEOK E— 4
RS BETH b AR, BEAMELT CEARRGICE
BT b, i THEAESREZ/FLLILDIC, LEANM
TR % 3B S ¥ 5 %>, SLM (spatial light modulator) < &
STZ74—2RAv 277 2% ERLIACHEBSE S, o
DORF S TEMRELELGE — FRBE —anERShA T
bo BT 1/74 PEHKZEMR S & AEHFERICEERT 5
IENTER, LRy VE— FNRIBE — 4 THEB%
o7, 7F¥arv X ETERT 5,

MW TETFROEMRCIOVWTIHRNS, BKETTEE%
THEWICr 74 F 2%y PIC2RICE T 2B 2 3%

BL, £ CHEBEXHINT A, ZZICHEEXY tvE—
FHMHE - %@ T 52 L2k 5,

FeAEEN RIS & AEEASHFEL SN, ShrEEE
B3 FRm IS B AL D () 5 2 &L THRETD 5 45,
[15] THRN7z & 5 CFEREIRIC & - TAE U 2 Bk 2R E
L7zb, #UBHEICCCDA £ 5 2 BB L TEBLZHE
TAHILETHBMTRETD %,

THz laser
generator |

A /4 Retarder

-\

SLM or
Spiral phase plate

Linear
polarizer

CCD camera Bessel mode

Converter

Cryostat

E10 JORFEEREROMIE, =15 (2019) [15] & DERE,
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6. FLHLSEDEE

HEERSC [15] 241, BA T2t ET 4 2 OFREE~
vV E— PR E — 2 OfAHEEERINZE 27 v &4
HERLFEIRDRC S & 2 BRITINE % i L /e,

327, NvtE— FRRE — o082 TP
DEREbELLTEHARSNE L 2B L, 72,
LIS & Y E & 2 & v O fEE R PRI RE RS
Y, TOXZ bVERT Y v (T) 281,

H E — 4 OWIE A EE) R Y X T 51, BEEWUET
B OHIH TN ROELEEIC L HEEETE J [11],
HEBETCTEXZRNTE v [13], Sblce—afRe
AEY A ZOFNE DS, B TO2RTLEFH 2 H &
WHBEMTHEELT, ZOMHET-> foo HixdFRi2Wk
TERFF2EBWE F TR A —nEFLSh, HuEM
HEEOHMEZR>Z L ZHL 72,

AL BRI, 2ITETH A OEIINELE AT S MR
KXyt E— PR E — 2 2B LD, XofmiEs)
BRI & 5 7 v £ o HERIR I % 8 C 2B %, &
TEIVE OFIPA TSGR L 720 23, e — 2O
B TS, BIEHE T OITHIERZ D b & T AE
HEOEZIL Am = 1OBOLFSNE, —5T, X-EF
MHEAEH OB & fAEBERFNAMm = J=0+ o
NEprL, MEEOEE, =2, 0= —1 %27/lF, €=
0a:lwm&Ab@@&suayﬁv%ﬁ%%@ﬁﬁ

F, BEHBRBEL L EN o, 2k, KL —a
ZEHIINRES C ROPATIC AST L 24, BTHuEAEEE
X Am = —10OBBBFESNLLY, (= —2,0=1 %1
3, £=0,0=—-1DE—ArTERMNHRSNS, 1,
%ﬂt—A@ﬁﬂ AT A ET L DR TEL, AL

£ L REBRASE g AUSFH R AR, BHBRME 2Lk

E@(ﬁ@ﬁﬂif"’ﬂijﬁ% {TebZ Ebhol

%wfmmm%%f%éﬁt&§®%t MOZEALIZD

Tihim L 7o, SRS e tams w5 & 5 v £ v RO
#vyfﬁ%ﬁo,ﬁﬁu%%&%ﬁE—A®%ﬁﬁ%k

LA NEREL RV, 2D &R Jp (kLR) = 0T
AN E — A DIEBRD LR E/NEL S HHEND 5,
SO, BERAHEURGG 2 A EICHERERSHEART
5 &) BIRENIRA O RT 2 LD oo 2 OIRE)
DAL ®o/20caR E72 Y, HBH A4 X R &, FHROK
S & £ OI|ERT DL o (S IBIT 5,

2 LeHa DI REET 5 729 O BRI e ERRIRE
1T - Teo HIMFBEERZ2WET 2 DI, AP Em%
BT 5, MLERMEOMIE, CCDA A & B HfE —
LBBMOYPEE VI HFEEBEMN LI, 29 LTHA DGR
i % RAET 5 2 EWRWBETH Y, SHBOEBROERES
Hfrsn s,

SBOBELEARNL, FliE, BEOWETRTIEZALE Y -
BB EERASEECR Y, SHBPIRESERL TS C
EDBHIGNT WS, BEMARESEICHEKT 5L EMEHE

FRORRYE — A2, WEOLBTIREEICEERS L &1k
BRI THREESD S, 2HLT, HiEE—s LW
B EOMEIIRMOBSICT 2t 2T E A HEME 2 f® T
L‘Z)o

7. BEF

FEBBTH L RIRH—BEHEZ I L9, Eml T
SoRETOERILIVEHBL LFE ¥,
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