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1. Scientific results 2014 
The FOM programme 'Nanoscale Quantum Optics' (NQO) is now in its fourth year, and significant 
progress has been made in all parts of the programme, as described below.  
 
The study of spontaneous emission at the nanoscale (Challenge 1) is progressing along two lines: 
semiconductor quantum dots (QDs) and nitrogen-vacancy (NV) centers in diamond. On the QD 
side, a theoretical investigation on the transition rate of dipole-forbidden transitions in QDs has 
been carried out at TU/e, revealing a simple yet powerful design rule for the electronic 
wavefunctions and optical fields. Experimental work on the growth has enabled important results 
also in related projects (Nature Comm. paper). At TUD, the remote heralded entanglement of spins 
in NV centers reported in 2013 has been combined with local spin qubit control to achieve 
teleportation of quantum states over 3m distance (Science paper). New developments instrumental 
to this result were anti-reflection coatings on nanophotonic structures and the charge state control 
of the NV centers by resonant laser excitation. Current work is focussed on extending the distance 
to beyond 1km, and in parallel the development of a cavity structure for tailoring the emission 
properties of the NV centers. The combination of a two-level emitter with plasmonic structures 
featuring polarisation singularities, i.e., C-points, has been investigated In AMOLF. It was found 
that the 'Drosophila-structure' of plasmonics –the subwavelength hole- is sufficient to generate C-
points: when a propagating surface plasmon polariton scatters from such a hole C-points are 
created. The positions of the C-points can be controlled through the shape of the SPP beam. 
 
Work on stimulated emission at the nanoscale (Challenge 2) has continued both in Leiden (funded by 
other projects, not reported here) and in AMOLF, where plasmon particle array lasers with in-
plane feedback in limits of extreme, yet correlated, disorder, have been studied. In particular it has 
been found that, differently from non-plasmonic DFB lasers, the lasing threshold is positively 
influenced by random removal of about 50% to even 80% of the constituent particles from the 
lattices, and that lasing persists when as many as 99% of particles are removed. In this limit, a 
competition between distributed and random lasing occurs. We have developed speckle 
autocorrelation tools and intensity statistics analysis to unravel how correlations in disorder enter 
the lasing output. Furthermore, we have studied lasing in plasmonic oligomers of various sizes, in 
a phase-gradient metasurface, and in a scenario where the gain medium consists of a FRET-pair of 
fluorophores. 
 
The research on Detection of quantum light at the nanoscale (Challenge 3) has converged to a single 
detection model that explains the process of photon-detection in NbN detectors for visible 
wavelengths. This is a direct result of the strong collaboration between TU/e and Leiden 
combining detector fabrication, the physics of superconducting devices and quantum optics. Key 
ingredients in this research are quantum detector tomography and nanoscale constrictions that 
allow measuring the detector response to unprecedented levels of accuracy. These experiments 
lead to new insights and collaborations with the group of Dr. Andreas Engel (Univ. Zurich) that 
point to the importance of a photon-assisted vortex-entry model. Our most recent experimental 
results that explore polarization dependence of a single wire demonstrate that an area of ~20 nm 
from the edge of the wire is most effective in photon detection. 
 
The activity on Optical nonlinearities at the nanoscale (Challenge 4) has made important steps 
forward. In particular, in 2014 TUD in collaboration with TU/e improved the electronically 
pumped nanowire sources (the results are being prepared for submission). TUD also developed 
the technology of high quality silicon nitride waveguides and ring resonators. This was an 
important milestone for the integration of emitters, optical circuits and detectors. Thermal tuning 
of the resonators (paper ready for submission) and strain tuning of the nanowires using 
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piezoelectric substrates were demonstrated. A cheap, robust and scalable technology for coupling 
of light from a nano-emitter directly into an optical fiber, for which a patent is being filed, is under 
development. 
 
2. Added value of the programme 
The NQO programme is strongly contributing to reinforcing the coherence and collaboration 
between the research programmes of the participating groups in the area of quantum optics. Some 
of the results of this effort are discussed below: 
- The joint activity of Leiden and TU/e on detectors has led to an impressive list of results, 

featured in a PRL paper in 2014 and in several others in press or in review. NQO PhD student 
Jelmer Renema has obtained his PhD Cum Laude at Univ. Leiden in March 2015 with a joint 
supervision from Leiden and TU/e, and has been invited in several conferences to present this 
work. 

- An exchange (three months) of a NQO PhD student (Michele Cotrufo) from TU/e to AMOLF 
has taken place in the fall of 2014. The results are being prepared for publication. 

- A joint activity on nano-optomechanics has started between TU/e and AMOLF, with first 
encouraging results (Master thesis Sybren Westendorp). A joint project has been submitted. 

- A Lorentz center workshop on 'Nanoscale Quantum Optics', organised by de Dood, Wubs and 
Fiore, has taken place in June 2014, attended by 57 participants, with a good mixture of senior 
and young scientists and very lively discussions. 

- Other workshops/topic sessions will be organised in the course of 2015 and 2016. 
- A prominent expert in the field of nano-optics and metamaterials, Prof. A. Alù, is spending a 

sabbatical year at AMOLF, cofinanced by the NQO programme, and has given seminars and 
lectures in other NQO groups. 

 
3. Personnel 
All the NQO positions have been filled.  
 
4. Publications 
 
10NQO01 
- F.M. Pagliano, Y.J. Cho, T. Xia, F. van Otten, R. Johne and A. Fiore, 'Dynamically controlling the 

emission of single excitons in photonic crystal cavities', Nature Communications, 5, 5786 (2014). 
- R. Gaudio, K.P.M. op 't Hoog, Z. Zhou, D. Sahin and A. Fiore, Inhomogeneous critical current in 

nanowire superconducting single-photon detectors, Appl. Phys. Lett. 105, 222602 (2014). 
 
10NQO02 
- W. Pfaff, B. Hensen, H. Bernien, S.B. van Dam, M.S. Blok, T.H. Taminiau, M.J. Tiggelman, R.N., 

Schouten, M. Markham, D.J. Twitchen, R. Hanson, Unconditional quantum teleportation between 
distant solid-state qubits, Science 345, 532–535 (2014). 

 
10NQO03-1 and 10NQO03-2 
- J.J. Renema, R. Gaudio, Q. Wang, Z. Zhou, A. Gaggero, D. Sahin, M.J.A. de Dood, A. Fiore, and 

M.P. van Exter Experimental Test of Theories of the Detection Mechanism in a Nanowire 
Superconducting Single Photon Detector, Phys. Rev. Lett. 112, 117604 (2014). 

- J.J. Renema, R.J. Rengelink, I. Komen, Q. Wang, R. Gaudio, K.P.M. op 't Hoog, Z. Zhou, D. Sahin, 
A. Fiore, P. Kes, J. Aarts, M.P. van Exter, M.J.A. de Dood, and E.F.C. Driessen The effect of magnetic 
field on the intrinsic detection effciency of superconducting single-photon detectors, Appl. 
Phys. Lett. 106, 092602 (2015). 
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10NQO04 
- A.H. Schokker and A.F. Koenderink, Lasing at the band edges of plasmonic lattices, Phys. Rev. B 

90, 155452:1-10(2014). 
 
10NQO07 
- A. de Hoogh, N. Rotenberg and L. Kuipers, 'Optical singularities in plasmonic fields near single 

subwavelength holes', J. Opt. 16, 114004 (2014). 
- M. Wulf, A. de Hoogh, N. Rotenberg and L. Kuipers, 'Ultrafast Plasmonics on Gold Nanowires: 

Confinement, Dispersion, and Pulse Propagation', ACS Photonics 1, 1173-1180 (2014). 
 
5. Valorisation and outreach 
A patent submission is being prepared at TUD, involving NQO student I. Esmaeil Zadeh:  
- Gabriele Bulgarini, Iman Esmaeil Zadeh and Val Zwiller, Robust and efficient method of coupling 

of nano-emitters to optical fibers, in progress. 
A paper for the Nederlands Tijdschrift Natuurkunde is being prepared by A. Fiore et al., in the 
field of ultrafast control of nanoscale quantum optics.  
A poster of NQO student A. de Hoogh won the second prize at NFO-13 (Salt Lake City, Utah) and 
the first prize at the NNV AMO Meeting (Lunteren, 2014). 
 
6. Vacancies 
No vacancy is open. 
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Fact sheet as of 1 January 2015 

 FOM - 10.1715/4 
 datum: 01-01-2015 
 
 
APPROVED FOM PROGRAMME 
 
 
Number 124. 
  
Title (code) Nanoscale quantum optics (NQO) 
  
Executive organisational unit BUW 
  
Programme management Prof.dr. A. Fiore 
  
Duration 2011-2016 
  
Cost estimate M€ 3.0 
  
Concise programme description 
a. Objectives 
This programme aims at investigating quantum optical processes on the deep subwavelength 
scale, that is in structures where the optical field shows strong spatial variations on <100 nm scale, 
well below the diffraction limit. We will study spontaneous and stimulated light emission, optical 
detection and optical nonlinearities at the nanoscale and at the single-quantum level. 
 
b. Background, relevance and implementation 
The investigation of atom-photon interaction is an important topic in modern physics and 
represents the basis for virtually all optical technologies. In particular, quantum optics has been an 
ideal playground for testing the foundations of quantum mechanics as well as novel ideas for 
quantum information processing using photons. So far, quantum optical experiments have been 
performed with fields, which are either freely-propagating or confined in optical cavities of the 
scale of one or few wavelengths, as limited by diffraction. This programme aims at investigating 
for the first time quantum optical processes on the deep subwavelength scale. At this length scale, 
the basic assumptions and approximations used to describe radiative processes in the solid-state 
break down as the field length scales become comparable to excitonic wavefunctions in 
semiconductor nanostructures. Our fundamental understanding of cavity quantum 
electrodynamics (QED) is challenged by the polaritonic nature of plasmonic excitations and their 
ultrashort lifetimes. The dynamic and statistical properties of nanoscale lasers are expected to 
deviate widely from conventional laser theory due to the ultrafast recombination timescales and 
extreme field inhomogeneities. Even the basic concept of photon absorption in the near-field has 
never been addressed experimentally at the single-quantum level. Besides opening novel and 
intriguing research directions, the peculiar properties of subwavelength fields can be exploited to 
optimize light-matter coupling or explore new functionalities, for future application in classical 
and quantum photonics.  
 
This programme will focus on four key challenges, which arise in the investigation of quantum 
optical effects at the nanoscale: 
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1. Developing a physical description of spontaneous emission and cavity QED at the nanoscale. 
2. Understanding stimulated emission and nanolasers on a deep subwavelength scale. 
3. Investigating the subwavelength structure of quantum states of light in the near-field. 
4. Studying optical non-linearities at the nanoscale and at the single-quantum level. 
Funding 
salarispeil cao per 01-07-2012 
 
bedragen in k€ < 2014 2015 2016 2017 2018 2019 > 2020 Totaal 

FOM-basisexploitatie 2.229 282 - - - - - 2.511 

FOM-basisinvesteringen 520 - - - - - - 520 

Doelsubsidies NWO - - - - - - - - 

Doelsubsidies derden - - - - - - - - 

Totaal 2.719 282 - - - - - 3.031 
 
 
Source documents and progress control 
a) Original programme proposal: FOM-10.1233 
b) Ex ante evaluation: FOM-10.1406 
c) Decision Executive Board: FOM-10.1714 
 
 
Remarks 
The final evaluation of this programme will consist of a self-evaluation initiated by the programme 
leader and is foreseen for 2016. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 AW par. HOZB 
 
 
Subgebied: 100% NANO 
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Historical overview of input en output 

 

Input personnel (in fte)  finances* (in k€ ) 
WP/V WP/T PhD NWP 

2011 - - 2.5 - 344 

2012 - 0.9 7.0 - 561 

2013 - 1.0 8.0 - 650 

2014 - 1.2 8.0 - 551 

 

Output PhD theses refereed publications other publications & 
presentations 

patents 

2011 - - 3 - 

2012 - 1 21 - 

2013 - 7 34 - 

2014 - 9 27 - 

* After closing the financial year. 
 
 
PhD defences 
2011 
None. 

2012 
None. 

2013 
None. 

2014 
None. 

 
 
Patents (new/changes) 
2013 
None. 

2014 
None. 
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Overview of projects and personnel 

 
Workgroup FOM-D-41 

Leader Prof.dr.ir. L.P. Kouwenhoven 
Organisation Delft University of Technology 
Project leader Dr. V. Zwiller 
 Prof.dr.ir. R. Hanson 
Programme Nanoscale quantum optics 

Project (title + number) Cooperative and nonlinear optical processes at the nanoscale 
10NQO02 

 
FOM employees on this project 
Name  Position Start date End date 
B.J. Hensen PhD 01 March 2012 29 February 2016 
I. Esmaeil Zadeh PhD 01 August 2011 31 July 2015 
 
 
Workgroup FOM-E-06 

Leader Prof.dr. A. Fiore 
Organisation Eindhoven University of Technology 
Programme Nanoscale quantum optics 
Project (title + number) Spontaneous emission and light detection at the nanoscale 10NQO01 
 
FOM employees on this project 
Name  Position Start date End date 
M. Cotrufo PhD 15 October 2012 14 October 2016 
Y. Cho postdoc 07 February 2012 31 January 2015 
R. Gaudio PhD 01 November 2011 31 October 2015 
X. Yu postdoc 1 November 2014 31 October 2015 
 
 
Workgroup FOM-L-02 

Leader Prof.dr. E.R. Eliel 
Organisation Leiden University 
Project leaders Dr. M.J.A. de Dood 
Programme Nanoscale quantum optics 
Project (title + number) Quantum optical fields at the nanoscale 10NQO03-2 
 
FOM employees on this project 
Name  Position Start date End date 
Q. Wang PhD 01 August 2011 31 July 2015 
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Workgroup FOM-L-31 

Leader Dr. M.P. van Exter 
Organisation Leiden University 
Programme Nanoscale quantum optics 
Project (title + number) Quantum optical fields at the nanoscale 10NQO03-1 
 
FOM employees on this project 
Name  Position Start date End date 
J.J. Renema PhD 01 February 2011 31 January 2015 
 
 
Group Kuipers 

Leader Prof.dr. L. Kuipers 
Organisation FOM Institute AMOLF 
Programme Nanoscale quantum optics 

Project (title + number) Singular and nonlinear quantum optics at the nanoscale 
10NQO07 

 
FOM employees on this project 
Name  Position Start date End date 
A.K. de Hoogh PhD 01 September 2011 31 August 2015 
 
 
Group A.F. Koenderink 

Leader Prof.dr. A.F. Koenderink 
Organisation FOM Institute AMOLF 
Programme Nanoscale quantum optics 

Project (title + number) Spontaneous and stimulated emission in subwavelength plasmon 
resonators 10NQO04 

 
FOM employees on this project 
Name  Position Start date End date 
A.H. Schokker PhD 01 October 2011 30 September 2015 
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