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Lastest design of the trampoline resonator used by Frank Buters in the group of Dirk Bouwmeester. To 

isolate the mechanical resonator from its environment, an on-chip mechanical filter is created by adding an 
additional mass and spring. 
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1. Scientific results 2015 
The programme is going into its final stages. All PhD students (except two) have entered their final 
year. They have arrived at the point that they know which chapters they will have in their thesis.  
 
The programme has aimed to bring mechanical resonators into (or close to) their quantum ground-
state and to couple them to more conventional quantum systems, such that, in the future, mecha-
nical resonators might serve as a way to couple quantum systems of different types so they might 
profit from their strengths.  
On this route, two things are of importance. On the one hand, the coupling between the mechani-
cal resonator and the quantum system must be sufficiently large to transfer information about the 
quantum state within a reasonable time. On the other hand, the damping of the mechanical reso-
nator must be sufficiently small to allow quantum manipulations before the mechanical resonator 
has lost its coherence by coupling to the environment. 
The progress of the program has been substantial and the hopes are high that before the end of the 
program one of our systems will have been cooled to the ground state. The trampoline inside the 
trampoline in the group of Bouwmeester has the highest chance of reaching this feat first, but also 
the SiN membrane in the group of Steele has come very close. Both experiments suffer from exter-
nal vibrations, which are currently being improved in collaboration with other partners in the pro-
gramme. The problem is that the vibration levels which excite the motion of our mechanical reso-
nator experiment cannot be measured in any other way than by the actual experiment since ordi-
nary accelerometers are not nearly sensitive enough. 
The goal of using a mechanical system to couple to different quantum systems is not within reach 
of the present programme, but proposals for future funding to couple an NV centre to a mechani-
cal resonator and to a flux-qubit and to continue with the SiN membranes are in preparation. 
 
2. Added value of the programme 
The junior scientists in the programme are taking an active part in the sharing of technical know-
ledge with participants from the other groups and the sharing of possibilities of doing joint expe-
riments. The joint networking meetings are well attended, not only by the junior scientists funded 
by the programme but also by other group members, and lead to animated discussions. Important 
progress has been made with low vibration cryogenic techniques and improved mechanical 
resonators. 
The project meetings have led to exchange of theoretical knowledge necessary to analyse the 
experiments and have led to new ideas for joint experiments, which are beyond the scope of the 
programme. Two of these (an experiment on superconductivity and the Casimir effect, and an NV-
centre MRFM experiment) will be part of the experimental programme of the NWO-large facility 
that was granted last month to a collaboration of members of this programme with others that 
focuses on quantum materials. 
Good collaboration was established between Blanter (theory) and Steele (experiment) groups in 
Delft, which did not exist before the programme started. In 2015, this collaboration resulted in two 
publications (one experimental with a theory contribution, one theoretical). one more paper has 
been submitted (experimental with a strong theory component), and one more manuscript is in 
preparation. This collaboration is likely to extend beyond the programme. 
The Oosterkamp and Bouwmeester groups collaborate intensively by working together on three 
experiments simultaneously in one dilution refrigerator. This has led to novel ways of vibration 
isolation which are expected to also improve future experiments of Hanson and Steele. 
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3. Personnel 
- Olga Shevchuk, the PhD student hired for the project to do theory is now in her final year. She 

is doing well. She has at the time being two papers published, one is under review, one more is 
in the last stages of writing the manuscript. As the only theory PhD student of the programme, 
she has teamed up with the experimental group of Gary Steele, shedding light on the non-line-
arities in their mechanical resonators. For this, one publication is in preparation with 
Gary Steele on coupling an asymmetric SQUID to a mechanical resonator, and with 
Joao Pereira  Machado on the behavior of a strongly driven optomechanical cavity at strong 
coupling. 

- Postdoc Mingyun Yuan has had a beautiful success with her silicon nitride membrane resona-
tors with quality factors exceeding 10^8. This has allowed her to cool the resonator to world 
record low temperatures using active cooling. To obtain the ground state the vibration isolation 
needs to be improved. 

- Postdoc Cristiano Bonato, whose contract ended in 2014, published a paper in Nature Nano-
technology about his work performed during the project. He started on a PI position at Heriot-
Watt university in Edinburgh in spring 2016. 

- PhD student Marc de Voogd, has performed his first complete experiment on Magnetic Reso-
nant Force Microscopy on a diamond sample with a suitable concentration of 'Nitrogen centres' 
and 'Nitrogen Vacancy centres'. This run has been very promising and is expected to already 
yield a paper. He has coauthored one publication in 2015 and published another on the ArXiv.  

- PhD student Shun Yanai has made experimental progress after a lot of fabrication issues and is 
now writing his first paper: 'Mechanical dissipation in superconducting metal drums'. Shun is 
also measuring devices for a second paper which we are tentatively naming 'Hybrid supercon-
ducting junctions for reduced dissipation in SQUID cavities'. There are two other major papers 
in the works one of which is on 'fluxmediated optomechanics'. 

- PhD student Frank Buters is doing very well. He and his group have taken important steps 
towards cooling the trampoline on the front page of this report to the ground state. The external 
vibrations are the limiting factor. This is worked on via two measures, around the trampoline 
there is a second trampoline that is designed to filter the vibrations (which has been tested to 
work well at room temperature) and there is work on a separate macroscopic vibration isolation 
stage. Four papers came out of his research, of which three as first author. 

- PhD student Bob van Waarde was invited by prof. Aspelmeyer to Vienna to present his results 
of his Lead Zeppelin experiment, in which he has studied the applicability of a freely levitating 
piece of superconductor for future quantum collapse and gravitational experiments. He has 
demonstrated the most sensitive version of this experiment in the world. His experiments are 
now limited by vibration isolation issues. Bob van Waarde has submitted one paper has first 
author and has co-authored another. He has almost completed his thesis.  

- Finemechanical Engineer G. Koning is co-author on one of the publications of the consortium. 
 
4. Publications 
- F.M. Buters, H.J. Eerkens, K. Heeck, M.J. Weaver, B. Pepper, S. de Man, and D. Bouwmeester 

Experimental exploration of the optomechanical attractor diagram and its dynamics, Phys. Rev. 
A, 07, 92, 013811, 2015. 

- F.M. Buters, H.J. Eerkens, K. Heeck, M.J. Weaver, B. Pepper, P. Sonin, S. de Man, 
D. Bouwmeester, Large parametric amplification in an optomechanical system, Physica Scripta, 
Vol. 2015 number T165, 014003, 2015. 

- H.J. Eerkens, F.M. Buters, M.J. Weaver, B. Pepper, G. Welker, K. Heeck, P. Sonin, S. de Man, and 
D. Bouwmeester Optical side-band cooling of a low frequency optomechanical system, Optics 
Express, 04, 23, 8014-8020, 2015. 
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- A.M.J. den Haan, J.J.T. Wagenaar, J.M. de Voogd, G. Koning, T.H. Oosterkamp, Spin-mediated 
dissipation and frequency shifts of a cantilever at milliKelvin temperatures. Phys. Rev. B 92 
(2015) 235441. 

- Large cooperativity and microkelvin cooling with a 3D optomechanical cavity, Mingyun Yuan, Vibhor 
Singh, Yaroslav M. Blanter, Gary A. Steele, Nature Communications 6, 8491 (2015) 

- Silicon nitride membrane resonators at millikelvin temperatures with quality factors exceeding 10^8, 
Mingyun Yuan, Martijn A. Cohen, Gary Steele, Appl. Phys. Lett. 107, 263501 (2015) 

- Negative nonlinear damping of a graphene mechanical resonator, V. Singh, O. Shevchuk, Ya. 
M. Blanter, and G.A. Steele, arXiv:1508.04298 

- Optomechanical response of a non-linear mechanical resonator, O. Shevchuk, V. Singh, 
G.A. Steele, and Ya. M. Blanter, Phys. Rev. B 92, 195415 (2015).  

 
5. Valorisation and outreach 
The subject of the programme lends itself for outreach activities in secondary schools and for the 
general public. This happens regularly by the senior researchers and occasionally also by the junior 
scientists in the programme. 
Y.M. Blanter is responsible for Math & Science Class given at TU Delft for the group of 25 students 
of five VWO of various schools in the country. Concepts of quantum motion of mechanical objects, 
developed in the programme, are incorporated in the course. 
Oosterkamp coordinates a programme in Leiden for secondary school students about quantum 
mechanics. The 'measurement problem' is part of the programme. 
 
The start-up which was set up in Leiden in the area of cryogenic refrigerators with low vibrations 
(Leiden Spin Imaging BV) has grown from 0,5 fte to 1,0 fte and has survived its first full year with 
a full time employee. 
 
 
6. Vacancies 
There are no vacancies. 
 
  

http://dx.doi.org/10.1038/ncomms9491
http://dx.doi.org/10.1063/1.4938747
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Fact sheet as of 1 January 2016 

 FOM - 12.0269/4 
 datum: 01-01-2016 
 
 
APPROVED FOM PROGRAMME 
 
Number 136. 
  
Title (code):  Single phonon nanomechanics (SPN) 
  
Executive organisational unit BUW 
  
Programme management Prof.dr.ir. T.H. Oosterkamp 
  
Duration 2012-2017 
  
Cost estimate M€ 2.4 
  
Concise programme description 
a. Objectives 
We will couple phonons in a nanomechanical oscillator to a single electron spin of an NV center in 
diamond. 
We will strongly couple phonons in carbon nanotube resonators to a single microwave photon in a 
superconducting qubit and SQUID device. 
We will strongly couple phonons in a thin single crystal membrane to a single optical photon in a 
high finesse optical cavity.  
 
b. Background, relevance and implementation 
We will explore quantum decoherence of mechanical resonators. For applications of quantum 
state transducers, it is essential that mechanical systems have long coherence times. However, the 
damping mechanisms in mechanical resonators are not understood in detail, and in our carbon-
nanotube experiments non-trivial behaviour of the Q-factor has been observed. In this programme, 
we will study decoherence of mechanical states and identify the mechanisms behind dissipation. 
This touches upon some very fundamental questions as for massive objects, the decoherence is 
related to the issue of preservation of quantum-mechanical laws in the presence of gravity. 
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Funding 
salarispeil cao per 01-01-2016 
bedragen in k€ ≤ 2015 2016 2017 2018 2019 2020 ≥ 2021 Totaal 

FOM-basisexploitatie 1.427 364 133 - - - - 1.924 

FOM-basisinvesteringen 524 - - - - - - 524 

Doelsubsidies NWO - - - - - - - - 

Doelsubsidies derden - - - - - - - - 

Totaal 1.951 364 133 - - - - 2.448 
 
 
Source documents and progress control 
a) Original programme proposal: FOM-11.1203 
b) Ex ante evaluation: FOM-11.1374 
c) Decision Executive Board: FOM-12.0268 
 
 
Remarks 
The final evaluation of this programme will consist of a self-evaluation initiated by the programme 
leader and is foreseen for 2017. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 JM par. HOZB 
 
 
Subgebied: 100% NANO  
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Historical overview of input and output 

 

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

2012 - 0.3 1.2 - 434 

2013 - 1.5 4.3 0.6 534 

2014 - 1.8 5.0 0.8 462 

2015 - 1.5 5.0 - 488 

 

Output PhD theses refereed publications other publications & 
presentations 

patents 

2012 - - 13 - 

2013 - 2 28 - 

2014 - 3 19 - 

2015 - 10 31 - 

* After closing the financial year. 
 
 
PhD defences 
2012 
None. 

2013 
None. 

2014 
None. 

2015 
None. 

 
 
Patents (new/changes) 
2013 
None. 

2014 
None. 

2015 
None. 
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Overview of projects and personnel 

 
Workgroup FOM-D-44 

Leader Prof.dr.ir. H.S.J. van der Zant 
Organisation Delft University of Technology 
Project leader Dr. G.A. Steele 
Project (title + number) SPN carbon nanotubes and sheets 11SPN03 
 
FOM employees on this project 
Name  Position Start date End date 
S. Yanai PhD 1 April 2013 31 March 2017 
M. Yuan postdoc 1 July 2013 30 June 2016 
 
 
Workgroup FOM-D-56 

Leader Prof.dr. Y.M. Blanter 
Organisation Delft University of Technology 
Project (title + number) SPN theory 11SPN04 
 
FOM employees on this project 
Name  Position Start date End date 
O.O. Shevchuk PhD 1 October 2012 30 September 2016 
 
 
Workgroup FOM-D-59 

Leader Prof.dr.ir. R. Hanson 
Organisation Delft University of Technology 
Project (title + number) SPN NV centers at mK temperatures 11SPN02 
 
FOM employees on this project 
Name  Position Start date End date 
A.A. Reisener postdoc 1 July 2015 30 June 2016 
 
 
Workgroup FOM-L-28 

Leader Prof.dr. D. Bouwmeester 
Organisation Leiden University 
Project (title + number) SPN High finesse optical cavities 11SPN05 
 
FOM employees on this project 
Name  Position Start date End date 
F.M. Buters PhD 1 July 2013 30 June 2017 
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Workgroup FOM-L-35 

Leader Prof.dr.ir. T.H. Oosterkamp 
Organisation Leiden University 
Project (title + number) SPN magnetic resonance an SQUIDs 11SPN01 
 
FOM employees on this project 
Name  Position Start date End date 
J.M. de Voogd PhD 1 September 2012 31 August 2016 
B. van Waarde PhD 15 May 2012 14 May 2016 
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