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Introduction
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Introduction

dipole matrix element

l —ikyr o =%
<¢D,k|e . d‘¢1,k'> = A /dETE k” gbn (2) : [Emdﬂg + Eydy + Ezdz]

. Eik”-rqbl (2)

only TM polarization is absorbed

optical selection rules
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Introduction

« Cascade lasers

« QW infrared photodetector

applications
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Introduction
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Cavity photon is confined between two Bragg reflectors and
interacts with intersubband transition in QW

strong coupling
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first experiment: [Dini et al., PRL (2003)]

intersubband polaritons

HASKOLI iSLANDS o



|

Introduction
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1 subband

1 O subband

photonic microcavity with embedded asymmetric quantum wells
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Model

1. H =) Epja jor;+ ) E"biby+ Y (970] 1akta2.00] + 90k 1,00}, 2b0)
kg

[ TN

electrons

photons coupling
2. Spin-orbit interaction (SOI):
h
Hsra = alopky —oyks) = §(Qeff o) - Rashba SOI
Hpgrg = 6(J$k$ _ Uyky) — Dresselhaus SOI
Hamiltonian s
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Model
- add SOI (Rashba)
H = Z Ek;jak g, O‘ak&j o + Z kj + 'Zk )ak 7, Taxk,j \L_I_
k.j.o
+H.c.)+ Z Eghbj;.-bq + Z (gqak,l,aakJqu,UbT + H.c.)
q k.q.o

and diagonalize using operators with new spin states o = +. —

Ch,+ = —1— ﬁtie_@ekakﬂ~+—akﬁd
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first two terms
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Model
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rewritten fourth term using g+ (k.q¢) = g(g)e™" = = cos

: i =Oktq (O — Oy
0, = arctan(k,/k,;) go_(k.q) =ig(q)e pera Ok = Okag
0 — O+ ~ arcsin(q/kp) | PR
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Model

H=Hy+ Hsra+ Hpra

diagonalize using operators

i . _?’Qk ?’Qk ]
e + Be

= & =t T Ak |

Va2 + 8%+ 2a8sin0),

1
C R
o \/§

Ej(k) £ Ikl\/o@ + 32 + 203 sin 20,

Rashba and Dresselhaus SIS
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Spin polarization

~

“okdk [T
> sin), = / 2 /0 dfy, sin

Zk:(—cos@k)—/o ) (gigcg/owdﬁk(—cosﬁk)
Z(—Singk) :A _ (];i];‘/oﬂdgk(—singk)

Rashba only

— average spin, S = g(gmgngz)
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Spin polarization
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Spin polarization

q#0
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X
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Spin polarization
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Spin polarization

v sin 0, —I—E(:osé’k
(H|Sel+) =) —
k \/’&2 + 32 + 2a3sin 26,

—a cos by, — gsin 0
(HSyl+) =)

K \/a2 + B2 4+ 263 sin 20

— v sin 0y, —gcos 0
<_|Sa:|_> — Z — —
k \/&2 + (2 + 2a5sin 20,

a cos 0, —I—ESian
(=[Sy1=) =)

k \/&'2 +§2 + 2§§Sin29k

Rashba and Dresselhaus




[

Spin polarization
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Spin polarization

70 k,11 [010]
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Spin polarization

<S>|, a.u.
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Spin polarization
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Spin currents
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[E. L. Ivchenko and S. A. Tarasenko, Sem. Sci. Tech. 23, 114007 (2008)]
HASKOLI i[SLANDS

Q&

m
A,

v

(S
’*'-‘ls 239"



Intersubband polaritons
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Intersubband polaritons
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Intersubband polaritons
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Intersubband polaritons
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Intersubband polaritons
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Conclusions

« SOl leads to formation of 3 polaritonic modes

« non-zero and tunable spin polarization of ISB polariton

* Improved coherence due to cavity mode
This work is [in progress]
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Thank you for attention!
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