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Optical voartex
“twisted light”
“light icarrying oarbitcal cangulcar moamentum”

Baeic conccpte
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Highly inhomogcncoue 
light fcld with phaec 
and/or polarizaton 

eingularitce.

Baeic conccpte



  

Electric field transverse to propagation 
direction

Optical Vortex

Gaussian beam

Baeic conccpte



  

Genercatoan

produccd by calculatng thc intcrfcrcncc bctwccn a 
planc wavc/Gaueeian and an optcal vortcx

Thc eimplcet and bcet-known: Computer generated holograms

Gcncraton of OVe



  

Gcncraton of OVe



  

Other methoads

Spiral phaec platc Cylindrical lcne

Gcncraton of OVe



  

Thc gcncraton of optcal 
vortcce ie eimplc and 

incxpcneivc

Gcncraton of OVe



  

Resecarih in oaptical voarties
Rcecarch dircctone



  

Rcecarch dircctone
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Optical Voarties in Soalids
Firet papcr: G. F. Quintciro and P. I. Tamborcnca, EPL, 85 (2009) 47001 Editoar's Choaiie

2017

Rcecarch dircctone



  

Gcaussican becams
Gaueeian bcame

How do laecr bcame look likc 
and intcract with matcr?



  

Fields

Spin angular momentum 
(polarization index)

Typical laecr bcame arc approximatcly paraxial

polarization vector

with fret corrccton a longitudinal componcnt

for collimatcd bcame Ez ie eafcly diercgardcd

Gaueeian bcame

Beam waist

wave number



  

Intercaitoan

Thc dipolc intcracton eufce

epacc dcpcndcncc of E and 
magnctc intcractone arc eafcly ncglcctcd

Gaueeian bcame



  

On intcracton, light ie 
rcduciblc to a tranevcrec 

clcctric fcld

Gaueeian bcame



  

Optical voartex

Optcal vortcce arc complcx 
fclde with unueual propcrtce...

    Unueual Fcaturce



  

    Unueual Fcaturce

Spin angular momcntum (polarizaton indcx)
Orbital angular momcntum (topological chargc)

OV arc charactcrizcd by 

(Polarizaton vcctor)



  

    Unueual Fcaturce

Moet unueual thinge happcn for ant-parallcl 
epin and orbital AM

Rclcvant longitudinal clcctric fcld and magnctc fcld 



  

    Unueual Fcaturce

Longitudinal clcctric fcld

Expcrimcnt: cxcitaton of a Ca ion by a collimatcd optcal vortcx

(G. F. Quintciro ct al, Phys. Rev. Let.   1, 253203 (20 7), Editors' Suggestion) 
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    Unueual Fcaturce

Full Thcory: includce all componcnte of E



  

In thc Coulomb gaugc

                                                    [A(r,t) vcctor potcntall

So, thc eamc plot worke for E(r,t) and A(r,t)

    Unueual Fcaturce

Magnctc intcracton

A A



  

    Unueual Fcaturce

Ant-parallcl A(r,t) clcarly hae non-vaniehing curl 
(thc fcld “rotatce”)



  

    Unueual Fcaturce

Supporting literature
. G. F. Quinteiro, D. E. Reiter, and T. Kuhn, physical review a 91, 033808 (2015)

. Marco Ornigotti and Andrea Aiello, optics express 15530 (2013)

. Klimov et al, physical review a 85, 053834 (2012)

. Zurita-Sanchez and L Novotny, JOSA B 19 (2002)

Thc tcrme look likc magnctc dipolar, 
but ie not: thcrc ie epacc dcpcndcncc

onc muet includc thc magnctc intcracton



  

    Unueual Fcaturce

For            ant-parallcl Bxy ie conetant

For           B ie 
conetant

Pa
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    Unueual Fcaturce

On intcracton, an optcal 
vortcx ie a 3D vcctor fcld with 

clcctric and magnctc 
contributone



  

Scmiconductore

OV – semiioanduitoar intercaitoan

- rotatonal photon-drag 

- gcncraton of local and ultrafaet magnctc fclde

- ncw optcal traneitone in quantum dote

- etrong optcal-magnctc intcractone

- cxcitaton of intcreubband etatce in quantum wclle

- epin control with light holce in quantum dote



  

Quatum Ringe

Quantum ringe arc 1D etructurce with thc eamc 
eymmctry ae thc optcal-vortcx

Twisted light

Q. Ring

Phoatoan drcag in qucantum rings



  

Quatum Ringe

Non-vcrtcal traneitone arc rclcvant



  

Induccd clcctric currcnt 

Two contributone: 
E : cohcrcncc 
E2 : populaton

Quatum Ringe
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Thc clcctric currcnt in thc quantum ringe producc a magnctc 
fcld that may control a epin

A poassible cappliicatoan
Quatum Ringe



  

Ongoing collaboraton with:

Dr. Sanguinct (Milan) 
QR fabricaton

Dr. Sicmcne (Dcnvcr)
Mcaeurcmcnte

Experiments in qucantum rings

Atomic forcc microecopy

Quatum Ringe



  

Spintroaniis with Light-hoale 
in Qucantum Doats

Traneitone in dote

Light holc (LH) etatce havc a pz-likc orbital componcnt



  

For a focuecd bcam antparallcl bcam (ℓ=1 and s=-1) thc longitudinal componcnt 
Ez(r,t) dominatce cloec to r=0:

Traneitone in dote



  

Control thc epin etatc of an cxtra clcctron in a QD, by cxcitng light-holce at 
normal incidcncc.

Traneitone in dote



  

Thc epin of thc cxtra clcctron ie fippcd by thc light

Final state

Protocol:

Traneitone in dote



  

Numerical simulations

A ecqucncc of 3 pulece (Pℓ,s) 
indcpcndcnt of thc inital etatc 

fipe thc epin

Traneitone in dote



  

Unexploared direitoans

● Vcry fcw cxpcrimcnte (non in nanoetructurce)

● Solving thc “eizc” problcm with nanoetructurce

Futurc dircctone

Q. Dot

Wcays toa oaverioame the proablem

Thcrc ie eomc thcorctcal modcling of 

- Tight focueing
- Ncar-fcld optce

but nothing in thc uec of

- Largc band-gap matcrial
- Longcr cxpoeurc tmc

So far moetly thcorctcal etudice with euggcetone of poeeiblc applicatone

● Rcalietc etudy of applicatone



  

CONCLUSIONS

Optcal vortcce bringe about ncw phcnomcna in ecmiconductor 
phyeice:

➢ Optcal-magnctc intcractone

➢ Strong longitudinal clcctric fclde

➢ Circular photon drag in nanoetructurce

➢ Poeeiblc applicatone to epintronice



  

morc informaton at:

htp://twietcdlight-eolid.blogepot.com/
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