
DIEP
DUTCH INSTITUTE FOR  
EMERGENT PHENOMENA
>> Brainstorming session  
                                (20th April @IAS)

13:00    Coffee and Welcome 
13:30    Explanation of DIEP context and goals 
13:45    How is everyone connected with emergence?  
              A short round of 2min informal presentations 
14:30    Discussion of the proposed topics 
15:15    Break 
15:30    Discussion in smaller groups 
16:30    General discussion on the results and identification of key questions 

Programme:
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DIEP was born  
in the NWA
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>> Was originally ‘route 5’ now listed as ‘route 2’ 

nwa-bouwstenen.nl

http://nwa-bouwstenen.nl
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>> the (public’s) questions route

2
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The Game Changers, route 2

>> Game changer 1: Einstein Telescope

>> Game changer 2: Dutch Institute for             
Emergent Phenomena (DIEP)

>> Game changer 3: In 2040 zijn betastudenten  
net zo divers als de Nederlandse bevolking
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Dutch Institute for Emergent Phenomena 
Connecting the science of emergence across the Netherlands and beyond

The Dutch Institute for Emergent Phenomena (DIEP) is an interdisciplinary research centre across fundamental sciences with the purpose of 
furthering the understanding of emergent phenomena. It aims at understanding how the universe, space, time and the fundamental building blocks 
of matter emerged from the quantum world and how these building blocks aggregate forming the nano, molecular and polymeric structures that 
ultimately give rise to the macroscopic world we experience today. Emergent phenomena are extremely common in nature and their manifestation is 
based on the same underlying principles across sciences. Using analytic, numerical, experimental and philosophical methods available from 
quantum gravity, mathematics, physics, chemistry and philosophy of science, DIEP takes a transdisciplinary approach in tackling emergent behaviour. 
Integrated in the National Science Agenda (route 2), DIEP will gather research groups and scientists across the Netherlands and beyond and establish 
itself as a beacon for a new understanding of nature and emergence.

While emergent phenomena can be studied by a broad range of disciplines, including biology and social sciences, DIEP focuses on the study of the 
science of emergence in the areas of fundamental physics, chemistry, mathematics and history and philosophy of science. Nevertheless DIEP seeks to 
promote interdisciplinary collaborations between any of these sciences and others such as biology, social and network science. During the period 
2018-2020, DIEP will bring together scientists, researchers and scholars in the Netherlands via regular visitors programme and a series of 
interdisciplinary workshops which will foster new collaborations and provide a road-map for a new research center. Research groups can become 
associated with DIEP and apply for travel grants via its visitors programme.

d-iep.org
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This afternoon: scientific brainstorm

>> which scientific areas (in NL) deal with emergence?
>> identify scientifically exciting and promising directions
>> is there room for experiment?
>> other research/people you know about in NL

>> hear how different disciplines look at emergence
>> search for & identify (new) scientific connections

IDENTIFY SCIENTIFIC PROFIT FROM 
BRINGING THESE THEMES AND 
PEOPLE TOGETHER

fixing consortium

identifying writing group

proposal tactics

tuning the politics

time-table to first draft…
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Structure of the afternoon: till the break

>> round robin introduction
>> scientific field, where E fits in 

>> DIEP-pushers stimulate the discussion
>> Peter+Willem, Alix+Mark, Jan, Jay + Sebastian

13:00    Coffee and Welcome 
13:30    Explanation of DIEP context and goals 
13:45    How is everyone connected with emergence?  
              A short round of 2min informal presentations. 
14:30    Discussion of the proposed topics 
15:15    Break 
15:30    Discussion in smaller groups 
16:30    General discussion on the results and identification of 
key questions 

Programme:
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Structure of the afternoon: after the break

>> four mixed groups
(1) Jan+Alex+Daniela+Sebastian 

15:30    Discussion in smaller groups 
16:30    General discussion on the results and identification of 
key questions 

Programme:

(3) Willem+Daan+Mark+Jay 

(2) Peter+Ute+Maxim+Jeroen 

(4) Alix+Eric+Corentin+Paulien 

(a) how does your research connect to emergence? 
(b) examples of emergent behavior in your field? 
(c) what tools, research questions and methods do we need to develop/formulate to understand the  
      type of emergent phenomena that you deal with? 
(d) what connections between different fields do these developments require? 
(e) how useful is it to understand the microscopics of the theory you work with?  
(f) can emergent phenomena be categorized and a general theory of emergence be formulated? 

IDENTIFY SCIENTIFIC PROFIT FROM 
DOING THIS TOGETHER
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Structure of the afternoon: after the break

>> four mixed groups
(1) Jan+Alex+Daniela+Sebastian 

15:30    Discussion in smaller groups 
16:30    General discussion on the results and identification of 
key questions 
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(3) Willem+Daan+Mark+Jay 

(2) Peter+Ute+Maxim+Jeroen 

(4) Alix+Eric+Corentin+Paulien 

CONCRETE DELIVERABLE PER GROUP OF FOUR

2 different PhD or PD projects combining 2 or more ‘directions’

title of the first paper of each PhD/PD project
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from 16:30 = back together

>> briefly share project ideas

16:30    General discussion on the results and identification of 
key questions 

Programme:

other directions; people; approaches to include (not present)

>> formulation of promising themes for the core of DIEP
>> check what we got:

interesting connections from core-DIEP to other branches of science  
(e.g. markets, social setting, etc)

societal angles for DIEP



DIEP

TOPICS
ASTRO-STUFF

MATHEMATICS

CHEMISTRYHISTORY & 
PHILOSOPHY OF 

SCIENCE

PHYSICS
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Connecting different levels of reality

Many natural processes require theories where different levels of reality meet.  
Brownian motion: molecular forces (microscopic) and viscous forces (macroscopic). 
Other: understanding of lightning, the emergence of large scale cosmological 
structures, (quantum) materials, biochemical networks, complex self-assembly, 
and different hydrodynamic flows (turbulence), even life, society etc.......  

New directions/questions:  
- How to coarse-grain microscopic theories, and how to reverse map from coarse levels to underlying levels? 
- How can we coarse grain dynamics in an efficient and accurate way? 
- What are the relevant coordinates or length/time scale to coarse grain in? 
- What if all length/time scales are important? (e.g. turbulence, glasses, etc) 
- How can we couple e.g. field and particle descriptions effectively ? Field/particle duality?  
- What are the common features between multiscale models in different disciplines? 
- How does reality relate to multiscale models (philosophy)? 
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Self-organisation
A lot of natural phenomena exhibits self-organising behaviour. Building blocks can spontaneously form 
larger entities that can then organise themselves in larger structures.  Self-organisation of polymers and 
biomolecules, bacteria, flocks of birds, herds of sheep, self-organisation of large cosmological objects, 
etc, are a few examples? 

New directions/questions:  
-   Coupling between building block conformations and assembled states; well-known in quantum chemistry and 

allostery in biomolecules; could be a new direction in soft  matter 
- What do theories of self-organization have in common?  
- Non-equilibrium statistical mechanics for driven systems? 
-    Hydrodynamic theories of bird flocking, bacterial colonies, active matter?  
-    Programming building blocks to self organise into desired states: e.g. with machine learning? 
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New emergent materials 
If a general theory of emergence would be possible, new materials could 
be produced with daily-life applications.  

New directions/questions:  
- How can control over emergent materials be achieved?   
- How can understanding emergence help us to design useful materials?  
- What materials or properties would be the most obvious or desirable to pursue (energy efficiency, health related, 

information processing and storage)? 
- How can emergent materials help us to understand emergence? What aspects of emergence in particular…? 
- Can experiments on emergent materials answer questions about space, time, gravity, hydrodynamics, vortices, 

supersymmetry, flocking birds…?   

Examples of emergent materials could be high-temperature superconductors,  topological states of matter, new synthetic soft matter materials,  
elementary bio-materials, machine materials… Do we need a theory of emergence to design/build these materials? How would it help? 
!

What about an inverse proposition? 
Study of emergent materials (emergent phases) can help us to develop a 
general theory of emergence. 
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Symmetries and Symmetry Breaking

New directions/questions:  
- How can we better understand  symmetries and symmetry-breaking?  
- When and how do new symmetries emerge at low energies/long wavelengths? 
- Can techniques from physics (Goldstone modes, ‘t Hooft anomaly matching) be applied in other contexts? 
- Is there a general theory for quenched or annealed disorder in physical systems? 
- How are emergent symmetries related to topological states?  
- Are the symmetry-based analogies that we make between diverse systems rigorous enough? (superconductivity 

and Higgs?) 

Symmetries take a crucial role in many physical phenomena. For instance, critical phenomena and phase transitions typically depend  the symmetries 
of the system and not on the microscopic details. This has a wide range of applicability in many quantum and classical systems, but also in traffic jams 
and stock markets. Universality and emergence are closely linked across many systems. 
!



The fundamental building blocks of the universe, gravity, black holes 
dark energy and dark matter

New directions/questions:  
- For which microscopic quantum systems is the low-energy/long-wavelength dynamics 

described by an emergent gravitational theory? How do we reconstruct the 
corresponding space-time geometry? What is the role of quantum information 
theory? 

-  Which phases of matter admit gravitational descriptions? Which emergent properties 
of matter can be studied using gravitational field equations?  

- How do conventional methods such as the Born-Oppenheimer approximation and 
the renormalization group fit into this framework? 

- How do we concretely apply these ideas in a cosmological space-time? Do they imply 
new modifications of general relativity? Does this offer a new perspective on the big 
bang? 

- Are the microscopic degrees of freedom important to make the universe classical?  

There are many hints that space, time and hence gravity is an emergent phenomena at macroscopic scales. How can this be studied? String theory is a 
pioneer in understanding how gravity emerges from quantum theories and hints towards the existence of many potentially many different particles. 
How is this type of emergent phenomena related to other examples? In this line of research, there is still a lot more to explore, in particular, its 
implication for dark energy, dark matter and black holes. Developments in these areas will require help from new observational methods. 
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Emergence of geometry and topology

New directions/questions:  
- A general theory of deformations of defects? 
- Do all features of classical chaos, dynamical systems, attractors and KAM theory have quantum counterparts?  
- Is there a classification of topological states of classical matter? Do these systems have interesting applications?  
- What effective geometries and topologies for slow variables can appear after integrating out fast variables?  
!

Geometry and topology emerge in a huge variety of situations: emergence of space and time, 
emergence of defects in hydrodynamic flows in active matter, pattern formation in shells and 
bones, topological states/defects in quantum matter, defects in biomembranes and 
conformational changes of polymer assemblies to name a few. Surely, a lot of mathematical 
tools must be common to deal with all these examples such as deformations of surfaces, 
complexity theory, chaos, dynamic systems, hydrodynamics, topological spaces, etc. 
!
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What is emergence?

New directions/questions:  
- Can we find a unifying description of emergent behaviour? 
- Can we develop a self-contained and overarching categorisation of emergent phenomena (epistemic/ontological)? 
- How can physics, mathematics and chemistry help answering this question? 
!

Within philosophy of science there are several definitions of emergence, some involve singular limits, some an infinite number of microscopic building 
blocks and others state that emergence is novel and robust behaviour with respect to a comparison class. There is a wide range of examples of emergent 
phenomena from physics, mathematics and chemistry.  
!
Emergence is the conduction of three conditions: 
A phenomenological theory: theory P supposed to arise (for example, but not necessarily, as a limiting case) from some fundamental) theory F. 
Examples: F = Quantum Mechanics (of finite systems) with many possible phenomenological theories: P = Chemistry or P = Classical Mechanics or P = 
Thermodynamics or P = quantum statistical mechanics of infinite systems; also F = molecular dynamics, P = hydrodynamics 
Phenomenological theory P is  well defined and understood by itself (typically historically predating fundamental theory F ) 
Phenomenological theory P has important features that apparently cannot be explained by fundamental theory F e.g. because F apparently lacks any 
property inducing those feature(s) in P. Examples: Deterministic behaviour in classical mechanics, measurement outcomes as facts of classical physics 
(apparently precluded by Schrodinger Cat states in QM), Phase transitions and spontaneous symmetry breaking in thermodynamics and quantum 
statistical mechanics of infinite systems (both forbidden in finite quantum systems), irreversible behaviour in fluids, etc.  
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Towards the emergence of the classical world from quantum theory 

New directions/questions:  
- Gravitationally-induced collapse (Penrose, Bouwmeester/UL),  
- Cat state experiments (Oosterkamp/UL),  
- Flea-perturbation induced collapse (Landsman/RU),  
- Bohmian mechanics (Bacciagaluppi).  
- Envisaged parties: mathematical physics, experimental physics (mostly cryogenic), philosophy of physics 
!

Thus quantum mechanics occupies a very unusual place among physical theories: it contains classical mechanics as a limiting case, yet at the same time it requires this 
limiting case for its own formulation.’  (Landau & Lifshitz, 1977, p. 3)t 
!
Classical physics must emerge from quantum theory. But how? What has been understood so far, physically and mathematically is: 
Convergence of specific quantum states (notably coherent states and partition functions) to classical states 
Convergence of specific quantum observables (viz. those arising from quantization procedures) to classical observables 
Convergence of classical time-evolution to classical dynamics of expectation values of such observables in such states 
!
What is not understood is the way emergent properties of classical physics arises from QM, notably: solution of measurement problem (i.e. collapse of 
Schrodinger cat states) and (spontaneous) symmetry breaking etc.. Decoherence is not enough to achieve even the former (let alone the latter). 
Mechanism behind SSB might be the same as behind resolution of measurement problem - this is one advantage of using general framework of 
Emergence in this context 
!


