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Introduction 

With recent advances in quantum information and nanotechnology, we are closing in on the famously 
enigmatic limitations of quantum theory itself. Whether in terms of complexity, space, time, or mass — 
many fundamental questions about these limits of quantum physics remain unanswered, questions that 
could point the way to new fundamental breakthroughs. Can two objects become entangled purely 
through the gravitational force from their mass? At which stage of complexity do classical descriptions 
become insufficient in describing quantum correlations? Can we realize a quantum system that stays 
quantum indefinitely over time? And do quantum effects introduce a granularity of space at the very 
smallest scales? 
The Quantum Limits consortium explores these foundational and highly relevant questions both 
theoretically and in experiments. 
 
For more detailed description of the scope of the envisioned research, please see Annex B. 
 
The Quantum Limits Open Call aims to support research by PhD candidates and Postdocs who will be 
working on projects towards the goals of the Quantum Limits grant and who will be co-supervised by at 
least two PIs. The main applicant must be a PI from either LION, QuTech or QN. The second PI is also 
encouraged to be from one of these institutes. Outside supervision is generally allowed however, in 
particular if specific expertise is not available at one of the 3 institutes. 
 
The proposals will be judged on: 

• Fit with the theme and goals of Quantum Limits (not limited to the example topics stated in 
Annex B). (40%) 

• Scientific excellence of the proposal. Is the research original, new and exciting? Is the 
proposal scientifically sound and thought through? (40%) 

• Scientific track record of the applicant(s) in relation to the proposed research. (20%) 
 
Every PI can be connected to at most one application. The maximum budget per project is one PhD 
position or one 2-year Postdoc position + running costs incl. 5 k€ bench fee. We anticipate to fund 
around ten PhD positions and six Postdoc positions for this round, however this balance could be 
shifted depending on the proposals we receive. 
 
The submission deadline for this first call is January 31st, 2025. Please send applications to 
SummitQL-QuTech@tudelft.nl with the subject line “Quantum Limits Open Call”. We expect another 
similar call in 2027 and a smaller one in 2029. 
 
After the closing date of the call, the consortium members of Quantum Limits will make a selection. 
The results are expected to be communicated by March 31st, 2025 and we expect all awarded positions 
to be filled within 9 months. 
 
Appendices: 

A. Proposal template 
B. Research themes of the program Quantum Limits 

 



                                                                                           

Appendix A: Format for a Summit Quantum Limits Proposal 
 
The following material must be provided: 

i. The project proposal, formatted as indicated below. 
ii. A short curriculum vitae of both applicants with link to the publication list. 

 
1. Applicants 
Provide the name of the applicants and 3 of their recent and most significant publications each. 

2. Title of the project 
Provide a brief, yet clear title for the project. 

 
3. Abstract 
Provide a brief abstract of the project. 
Indicate along which axis (axes) of Quantum Limits the research focus lies. 

 
4. Fit to the goals of Quantum Limits 
Explain how this proposal will help reach the goals of Quantum Limits and stimulate synergy within 
program. 

 
5. Research proposal 
Describe your research proposal, preferably by mentioning: 
1. Background/state of the art of the research 
2. Aim of the project 
3. Approach 
Please write a clearly articulated statement describing the research to be undertaken. Narrow technical 
details and the use of jargon may not be understood by those outside of your field and can therefore be 
viewed less favorably. 

 
6. Budget 
The requested position (PhD, postdoc) and running budget.7,5 k€/year for a theorist and 15 k€/year for 
an experimental researcher, including a 5 k€ bench fee per researcher. 

 
The total length of the project proposal should not exceed 2 pages, excluding references. 
 

  



                                                                                           

Appendix B: Research themes of the program Quantum Limits 
 

In the early 1900s, the limits of the known laws of physics led to the birth of quantum physics, 
overthrowing the classical deterministic description of our world and replacing it with one based on 
probability and information: the wavefunction. We do not experience phenomena such as quantum 
superpositions and entanglement in our daily life - we never see two teams scoring on opposite sides of 
the field at the same time. This is the main reason why quantum mechanics is counterintuitive. Yet the 
theory has become the most successful and well tested description of fundamental particles, propelling 
existing applications, ranging from lasers to transistors, and 
opening completely new applications in the form of quantum 
computation, communication and sensing. 

Despite its success, quantum theory itself raises important 
new scientific questions when taken to its limits. Some 
questions have posed a central challenge in physics for 
decades while others have emerged in recent years through 
advances in quantum information. The answers stand to 
transform our understanding of physical reality itself in a 
similar fashion as the advent of quantum physics has done 
a century ago. 

Now, using the modern tools of quantum physics and 
nanotechnology we developed in recent years, we will finally 
be able to explore the questions that emerge at the edges of 
our current understanding. We will study the limits of quantum 
physics along four axes: mass, complexity, time, and space. 

 
MASS – Gravitational limits to quantum physics  

While quantum theory describes matter at small length and mass scales, the theory of gravity – general 
relativity – successfully describes the motion of objects on the human-scale up to the scale of galaxies. 
Combining the two theories into a unified framework remains an open challenge despite a century of 
theoretical work. Part of the challenge lies in the limited experimental access to regimes where both 
theories predict observably large forces.  
 
Is there a limit to what mass quantum physics holds? 

Our consortium recently achieved tremendous progress in the experimental control of large quantum 
systems [Guo2019, Rod2019, Bou2020, Fia2021, Rod2021, Mar2022]1 (see also figure 3 in Section 3.2). 
Soon we will be able to prepare objects into quantum states where effects of gravity should become 
relevant and observable. Achieving this highly ambitious goal will require a concerted effort and several 
breakthroughs. We will prepare a superposition of two micrometer-scale objects (such as levitated 
spheres or membranes), the most macroscopic spatial superposition to date [Nim2013], extending the 
limit to where quantum physics still holds to ever larger masses [Sch2020, Bas2013, Vin2016, Gel2021]. 
 
Can gravitational forces create entanglement? 

Next, the “Mass” theme will address a question of utmost importance: is gravity quantum? According 
to general relativity, a massive object bends the spacetime around it, resulting in a gravitational pull on 
nearby objects. When an object’s location is in a quantum superposition, is the corresponding bending 
of spacetime described by a superposition state too? Recently, a proposal [Bos2017, Mar2017] was put 
forward for an experiment to answer this question.  

 
 

Fig.	 1:	 We	 will	 push	 the	 boundary	 of	 our	
understanding	 of	 quantum	 physics	 along	 four	
axes.	



                                                                                           

By preparing spatial superpositions of two micrometer-scale objects, we will test whether entanglement 
can be created [Ter2000] between the masses through their mutual gravity (see figure 2). If 
entanglement is indeed generated and the only interaction between the systems is gravity, we can 
conclude that spacetime must be considered a quantum 
system that supports superpositions [Pfi2016, Bos2017, 
Mar2017, Bel2018, Car2019, Mar2020, Dan2022, 
Bos2022, Chr2023]. Experimentally, this is an extremely 
challenging task, requiring creating not only 
superposition states of massive objects but also 
realizing an environment where no other forces than 
gravity can act between two systems. 
 
Understanding if entanglement can be created at all, 
and if so, its limits and evolution over time, will allow us 
to look deeply into the inner workings of the interplay 
between the Schrödinger equation and gravity/space-
time. 
 
COMPLEXITY – What are the quantum limits of complexity? 

It has been a central challenge in quantum information theory to characterize the complexity and the 
computational power of quantum processors: for what quantum algorithms do we have efficient 
classical simulations and which quantum computations produce a computational advantage?  Early 
results, by our consortium and others, established the classical simulatability of a subset of quantum 
algorithms [Got1998, Ter2002, Ter2004, Bra2019, Dia2023, Bee2004, Tan2023], but fundamental 
questions remain about what quantum theory implies in a computational sense.     
 
Can quantum algorithms help us understand the world’s most complex systems: interacting quantum 
particles? 

A foundational result in classical computer science, the PCP theorem, shows that classical optimization 
problems can be hard to solve even approximately. A quantum version of this result is known as the 
Quantum PCP conjecture and has been an open problem for 10+ years [Aha2013]. By considering 
fermionic problems (describing the interactions between electrons), we believe that we have a unique 
and promising angle to attack the question of approximation within the quantum setting [Her2023a, 
Her2023b]. Our new algorithms will be tested experimentally on the quantum many-body systems that 
are the topic of the “Time” theme. 
 
Does quantum physics allow more transparent and understandable artificial intelligence? 

An issue of central importance in artificial intelligence (AI) is our capacity to explain the decisions or 
predictions made by a complex system. It is risky to employ an algorithm that functions as a “black box”. 
One speaks of a “white box” algorithm, or explainable AI (XAI), if the principles underlying the decision 
making can be understood. The search for such algorithms is well developed in the context of classical 
machine learning. Our ambition is to translate this search to quantum machine learning, by providing 
methods to interpret the quantum models and by investigating their potential to simulate, predict, and 
interpret complex systems [Ite2020, Gre2020, Val2022, Her2023], thereby laying the foundations for 
explainable quantum AI (XQAI) [Ste2022, Hee2023, Fla2023, Fro2023]. 
 
Does quantum spatial non- locality improve quantum algorithms? 

Entanglement lies at the heart of the nonlocal character of quantum physics and is captured by a 
violation of Bell inequalities. More recently, following up on [Ter2004], it has been found that Bell 
nonlocality also underpins the quantum computational capability of constant depth quantum circuits 

Fig.	2:	Schematic	depiction	of	the	proposed	experiment	
to	test	whether	gravity	is	of	quantum	nature.	



                                                                                           

[Bra2018]. Our goal is to establish deeper ties between quantum correlations and quantum 
computational complexity. On the one hand, self-testing statements derived from nonlocality serve as a 
robust tool for certification of quantumness, based on a bare minimal set of assumptions on the inner 
workings of the devices [Sal2017, Bac2020]. On the other hand, this framework extends naturally to 
quantum computing scenarios, especially those involving distributed architectures [Sun2022]. 
 
TIME – Limits to quantum coherence and thermodynamics 

Can we realize a system that stays quantum indefinitely over time? 
As we know, nothing lasts forever. For a system consisting of many 
particles, energy will spread evenly over all of them as time goes by. 
We say that the system thermalizes. In quantum physics, a 
phenomenon that breaks this thermalization is called many-body 
localization (MBL). Interesting physics appears when we periodically 
drive MBL systems [Zal2023]. Here, quantum many-body states will 
oscillate seemingly forever and form what is best described as a 
crystal in time (see figure 3). The first experimental observations 
consistent with the hallmark features of a time crystal were recently 
reported [Ran2021, Mi2022, Fre2022]. However, what are the 
ultimate limits for the stability of time crystals in real experimental 
systems? How do we distinguish generic long-lived responses from 
asymptotic time crystals? 
 
How fast can quantum information spread across interacting particles? 
 
Quantum systems, especially those with many interacting parts, display complex behaviors that raise 
deep questions about the nature of time. Out-of-time-ordered correlators (OTOCs) are key tools in this 
exploration. They've been crucial in recent studies [Bra2022, Jos2020, Mi2021] for distinguishing key 
quantum behaviors. In essence, OTOCs probe how quickly and in what ways quantum information 
spreads. OTOCs will help us unravel open mysteries such as the speed at which quantum states become 
entangled and chaotic [Rob2016, Zon2022, Ahm2022]. 
 
What are the limits for feedback control of quantum systems? 

There is an intrinsic contradiction when transitioning from a quantum system to a classical system during 
a measurement – this has been an unresolved question since the early days of quantum physics 
[Sch1935]. Recent developments suggest that this transition appears gradual and coherent as 
trajectories in time [Gle2007, Say2011, Vij2012, Min2019]. Furthermore, the time dynamics of 
monitored quantum systems during the finite duration of measurement processes implies intrinsic 
delays in quantum feedback [Wis2009, Vin2009, Lan2014, Gri2015, Pic2016, Guo2017]. Now, we will 
investigate the intrinsic limits on quantum feedback control. 
 
SPACE – Limits to multipartite nonlocality and quantization of space  

The counterintuitive features of quantum theory take center stage in the combination of quantum 
phenomena (superposition, entanglement) and spatial dimensions (see the Nobel prize in Physics 2022). 
In recent years, inspired by novel theory insights and bolstered by rapidly advancing experimental 
capabilities, new fundamental questions on limits of quantum and space have come to the forefront: 
 
 
 
 
 

Fig.	3:	Artist’s	 impression	of	the	discrete	
time	crystal	made	at	QuTech	[Ran2021].	
A	chain	of	connected	spins	is	locked	in	a	
phase	where	they	periodically	invert	their	
state,	despite	a	noisy	environment.		



                                                                                           

Is the famous “spooky action at a distance” really instantaneous? 
 
While the most basic Bell test has now 
convincingly been performed with all loopholes 
closed [Han2018], more sophisticated questions 
on nonlocality are coming within experimental 
reach. In particular, while standard quantum 
theory predicts an instantaneous effect of 
measurement in one location on the possible 
measurement outcomes far away, experimentally 
the violation of Bell’s inequality only provides a 
lower bound to the speed of that influence. 
Devising an experiment using not 2 but 4 observers in a particular space-time setting (figure 4) will allow 
us to answer the question whether the effect is truly instantaneous [Ban2012]. 
 
Does nature exploit nonlocality of quantum correlations? 

Quantum entanglement enables correlations and coordination between the evolution of distant physical 
systems that cannot be explained classically [Bru2014]. First known examples indicate that quantum 
correlations can enhance coordination such as in the rendezvous problems of agents on a graph: here, 
two agents at distant sites try to find a common location, a task which they can perform better in a 
quantum world by exploiting non-local correlations [Mir2023]. It is presently unknown whether nature 
itself takes advantage of such non-local correlations for coordination, which would push the ultimate 
limits of coordination allowed in nature. It is a compelling question to understand the possibilities and 
ultimate limits that the existence of non-local correlations brings to the coordination between the 
actions of distant systems.     
 
Can we measure the effects of space quantization? 
When reaching the smallest length scales, the Planck length (1.6	x	10-35	m), it is expected that the usual 
continuous space breaks down, and space itself will need to be discretized, as is done in string theory, 
for example. A large number of theoretical approaches to quantize spacetime result in modified 
commutation relations between position and momentum. Although the deviations become largest for 
length scales near the Planck length, such a modification can still be bounded for larger systems for very 
precise measurements of position and momentum [Pik2012]. Existing results [Mar2013, Baw2015, 
Bus2019] are all dominated by random thermal motion, providing limited information on the quantum 
Heisenberg limit. Here, we will aim to design an ideal system for testing such modifications: an 
optomechanical device with large cooperativity [Fia2021], which is a measure of how strongly a single 
photon and a single photon interact before decaying. In doing so we can test which kind of theory may 
describe a quantized spacetime. 
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