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Twisted Light

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

More familiar: 
   Spin angular momentum Circular polarization

Introduction: twisted light



Mathematical 
representation

Introduction: twisted light

..)](ˆ)(ˆ[),( )  (
0 ccrGrFeAtrA z

tzki ++= ±
− εεω



Transverse polarization

Mathematical 
representation

Introduction: twisted light

Longitudinal polarization
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Mathematical 
representation

Introduction: twisted light

Orbital angular 
momentum

Transverse polarization

Longitudinal polarization
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Introduction: twisted light

M. Padgett, J. Courtial 
and Les Allen, Physics 
Today 35, 2004. 

Plane wave
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Generation of 
twisted light

Introduction: twisted light

Holograms
Cylindrical lenses

And other methods...



Introduction: interaction

Using minimal coupling

Twisted light – 
semiconductor interaction
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Introduction: interaction

Using minimal coupling
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Introduction: interaction

Using minimal coupling
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Introduction: interaction

Using minimal coupling

Matrix
elements

Single
Particle states

Density
Matrix
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Bulk semiconductors

Bloch states...

Bulk semiconductors
(Single particle)

Two-band model:conduction and valence.
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Bulk semiconductors

Usually, the light induces vertical transitions

Eg

co
nd

uc
tio

n
va

le
nc

e



Bulk semiconductors

We consider the action of H
I

Allowing for non-vertical transitions ...
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Bulk semiconductors

the final state is a superposition: 
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Bulk semiconductors

Electric currents of order A and A2 are calculated,

For example to order A:

The current follows the electric field.



Bulk semiconductors

To order A2 there is a net current:

Top hat profile

Power 3 µJ s-1

Spot size 0.5 µm

GaAs

Order A2:    B
z 

∼ µT



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
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Bulk semiconductors

We solve

The system of equations is
closed in the subspaces of fixed {k

z
,m} and {k

z
+q,m+l}

From ρ
b'α',bα

 we can calculate electric currents, etc...

[ ]H
dt
di bbbb ,,'','' αααα ρρ =



Quantum Dots

Semiconductors 
Structures: Quantum Dots

Disk-shape quantum dot with parabolic confinement

Twisted light

Q. Dot
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Quantum Dots

Wave function
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Same form as twisted light in Laguerre-Gaussian mode



Transition matrix elements:

〈c s ' m'∣H I∣v sm 〉∝e−i tl−m'−m h 

(c) conduction band
(v) valence band
(m) orbital quantum #
(s) radial quantum #
(ζ) QD size / beam waist

Quantum Dots



Quantum Dots
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Quantum Dots
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Quantum Dots
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Quantum Dots
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Changing the radial quantum #

m



Quantum Dots

〈c s ' m'∣H I∣v sm 〉∝e−i tl−m'−m h 
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Quantum Dots

〈c s ' m'∣H I∣v sm 〉∝e−i tl−m'−m h 
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Quantum Ring

Semiconductors 
Structures: Quantum Ring

Twisted light

Q. Ring
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Quantum Ring

ℏ
d

dt


v ,m m
=2ℑ[ 

v m , c ml ]
ℏ

d

dt


c , m lm l
=−2ℑ [ 

v m , c ml ]
i ℏ

d

dt


v m , c ml
=

c m l ,v m


v m ,c m l
v , m m

−
c ,m lm l 

Equations for populations and coherences

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



Quantum Ring

We calculate the current

Two contributions: population- and coherence-based. 



Possible applications

Manipulation of electronic states to control 
charged Quantum Dots

Possible
Applications
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Generation of magnetic fields in Quantum Rings 
to control spins

Possible applications

Impurity spin

Twisted light

Q. Ring



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

Using pump-probe techniques.

Twisted
Light



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

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

K. RZAZEWSKI and R. W. BOYD,
journal of modern optics, vol. 51, no. 
8, 1137–1147 (2004)
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Phys. Rev. A 36, 2763 (1987)
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