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Introduction: twisted light

Twisted Light

What is Twisted Light?
It is a highly inhomogeneous light beam
carrying orbital angular momentum

More familiar:
Spin angular momentum

Circular polarization

Single photon spin angular momentum: 4h

Single photon Orbital Angular Momentum (OAM): (h




Introduction: twisted light

Mathematical
representation

A(F,t)= A TPV, F()+ €.G()]+ ce.
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representation
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Introduction: twisted light

Mathematical
representation

A(F,t)= A TVE F()+ €. .G+ cc.
+

A

Orbital angular Longitudinal polarization
momentum

— Transverse polarization

F(i) = e"7<”q(r)

—— Bessel OR Laguerre




Introduction: twisted light

A7 t) = A TOOE, F(R)+ €.G(P)]+ cc

Helicoidal wave front !




Introduction: twisted light
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Introduction: twisted light

Generation of
twisted light
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Introduction: interaction

Twisted light -
semiconductor interaction

Using minimal coupling

H, = |5 ado] + v
m




Introduction: interaction

Using minimal coupling

H, = - L 504,
m




Introduction: interaction

Using minimal coupling

H, = - L 504,
n a A

Momentum operator

Ay, (1,0)= €, 4T (n) + cc




Introduction: interaction

Using minimal coupling

H, = - L 504,
m
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Bulk semiconductors

Bulk semiconductors
(Single particle)

Two-band model:conduction and valence.

valence conduction

Bloch states... g, (r)= - —ekD;u(F)




Bulk semiconductors

Usually, the light induces vertical transitions

conduction

valence




Bulk semiconductors

We consider the action of HI

H,
0, ()~ ¢ ()

Allowing for non-vertical transitions ...




Bulk semiconductors

HOY ,(7)= Eli'e™ T (gr)e™ |8, (7)

the final state is a superposition:




Bulk semiconductors

Electric currents of order A and A? are calculated,

For example to order A:

The current follows the electric field.



Bulk semiconductors

To order A’ there is a net current:

Top hat profile
Power 3 pJ s™

Spot size 0.5 pm Order A®: B OuT
GaAs




Bulk semiconductors

Bulk semiconductors

(Density matrix)

We just saw that optical transitions look:

Because cartesian coordinates were used together
with a “cylindrical” light field



Bulk semiconductors

Electron states in a cylinder

U o (1) = NeikZZJm (kr’”)eimq) u, (r)

W o,
gbkm - 2m; (kr t kz)+ 5bcEg




Bulk semiconductors

We solve

ih%ﬂbva ' ba - [pb'a " ba 9H]

The system of equations is
closed in the subspaces of fixed {k ,m} and {k +q,m+I}

From P_, ,. we can calculate electric currents, etc...
b'a',ba



Quantum Dots

Semiconductors
Structures: Quantum Dots

Twisted light

Disk-shape quantum dot with parabolic confinement



Quantum Dots

Wave function

|
.. (r,0)= Ne'A’”ZE%@ L‘f'(Crz)e'i”Q u, (r)

Same form as twisted light in Laguerre-Gaussian mode



Quantum Dots

Transition matrix elements:

cs'm’

H,‘VS m>0Ce_iwt5/_(m'_m)h (C)

(c) conduction band

(v) valence band

(m) orbital quantum #
(s) radial quantum #

(¢) QD size / beam waist



Quantum Dots

conduction
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Quantum Dots

Plane wave
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Quantum Dots

Twisted light (L=1)
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Quantum Dots

Changing the radial quantum #
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Quantum Dots

Fix m and radial q. #

ics'm'|H|vsm)ce™ 5, h(T)
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Quantum Dots

Fix m and radial q. #

ics'm'|H|vsm)ce™ 5, h(T)
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Quantum Ring

Semiconductors
Structures: Quantum Ring

Twisted light

§,.(0)= Ne ™ u,(r)




Quantum Ring

Equations for populations and coherences

hj_pv mmzzslg*ﬁvm cm+|]
t ; ,
d S
hgpc,mﬂmﬂ __2\S[§ pvm,cm+|]
4 . )
| Epvm,cmﬂ T Tem+l ,Vm pvm,cm+| +§(pv,mm_pc,m+lm+l)

Become decoupled for each {m, m+I}: Tilted Rabi oscillations



Quantum Ring

We calculate the current

— ) | UW‘ i —
0 T

10 20 30 40
t [fs]

Two contributions: population- and coherence-based.



Possible applications

Possible
Applications

Manipulation of electronic states to control
charged Quantum Dots

E
0) (1) (1) (0)
‘ : | Added electron
G L (©) g
| | g
2n0, + ﬂ (0) = . .
o) 8 ,‘ Twisted light
l * 4 K induced transition

valence

v




Possible applications

Generation of magnetic fields in Quantum Rings
to control spins

= Q. Ring \ Impurity spin

Twisted light



Possible experiments

Possible
experiments

In bulk, we suggest measuring the current or voltage in
Cw excitation

resembling the set-up for photon drag effect.



Possible experiments

In quantum dots

Twisted

=
N
T

Using pump-probe techniques.




Quantum Ring

Conclusions

. Generation of ultrafast electric currents and
magnetic field

. New transitions in Quantum Dots

. Possible applications to spintronics
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Gauge invariance
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w/yy Figure 1. Relative difference between several forms of the Kramers-Heisenberg matrix

element Mi(w) in the rotating wave approximation and the exact form of M{w) for a
harmonic oscillator of resonance frequency wy. Note that all of the forms agree at the
resonance frequency, but that significant differences can occur far from resonance.
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FIG. 1. Quenching of the 2S;,, state as a function of the
level spacing o for a rf frequency v/27=1000 MHz and a life-
time of 2P, 5 '=1.6X10"° sec. Solid curve, decay accord-
ing to Eq. (2.10); dashed curve, decay rate given by Eq. (2.16).

At resonance there are no differences
between A.p and E.d
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